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EXECUTIVE SUMMARY

This performance monitoring program evaluates the progress of remedial actions in the
Clark Fork River Operable Unit (CFROU) of the Milltown Reservoir/Clark Fork River
Superfund sites toward meeting performance goals or identified refer ence values.
Environmental media monitored in 2014 included surface water, instream sediment,
geomorphology, vegetation, macroinvertebrates, periphyton, and fish. This report summarizes
results of data collected for each of these environmental media and ev aluates progress toward
attainment of performance goals or reference values as of 2014.

Heavy metals originating from historic mining, milling and smelting processes associated
with operations in Butte and Anaconda accumulated in the Clark Fork River stre ambanks and
floodplain over a period of at least 100 years . The primary sources of contamination are tailings
and contaminated sediments mixed with soils in the streambanks and floodplains, which erode
during high streamflow events and enter the river and other surface waters . In addition to
erosion, heavy metals are leached from the contaminated sediments and tailings directly into
the groundwater and eventually to surface water . These contaminant transport pathways result
in impacts to terrestrial and aqu atic life along the Clark Fork River as described in the Record
of Decision (ROD) for the site .

The Montana Department of Environmental Quality (MDEQ), as lead agency and in
consultation with the U.S. Environmental Protection Agency (USEPA) and the Nation al Park
Service, oversees, manages, coordinates, designs, and implements remedial actions for the Clark
Fork River site . The MDEQ coordinates with the Natural Resource Damage Program (NRDP) of
the Montana Department of Justice for implementation and integr ation of restoration
components to supplement the remedial actions . The MDEQ coordinates with the National Park
Service to implement remedial actions on the Grant -Kohrs Ranch .

Data collected in 2014 represents the fifth year of monitoring in the CFROU . Remediation
activities in the CFROU in 2014 included active tailings removals and floodplain reconstruction
in Phases 5 and 6 and revegetation in Phase 1 of Reach A. Reach A of the CFROU, extending
from the Warm Springs Creek and Silver Bow Creek confluence  downstream to the Little
Blackfoot River confluence, has the largest volume of streamside tailings in the CFROU

Monitoring under this program was first conducted by MDEQ and RESPEC personnel in the
spring of 2010, prior to initiation of any remediation a  ctions within the CFROU . Since 2010,
some monitoring sites have been added to the monitoring program in Clark Fork River
tributaries . In addition, this monitoring program has been coordinated with long -term
monitoring by the U.S. Geological Survey (USGS) t o complement data collected by the USGS
and minimize data duplication by each program . Monitoring methods and quality assurance
protocols guiding collection and analysis of the data described in this report are summarized in
the project sampling and analys is plan (SAP) and the project quality assurance project plan
(QAPP).

The CFROU monitoring network in 2014 included fourteen sites; six mainstem sites and
eight tributary sites . Not all sites were sampled for each en vironmental medium or for each



analyte of each environmental medi um (e.g., some surface water sites were only sampled for
mercury and methylmercury rather than the full suite of analytes) . Monitoring site locations
were generally the same in 2014 as in 2013, although sites changed between 2012 a nd 2013 to
provide a more detailed spatial representation of the Clark Fork River mainstem in the
upstream most portion of the CFROU where active remediation is occurring . The sample site on
the Little Blackfoot River, a tributary to the Clark Fork River m ainstem, was relocated during
the second quarter of 2014 to minimize hazards from local traffic. This sample site will be
permanently relocated. For surface water and instream sediment, the monitoring program
primarily monitored concentrations of metal con taminants of concern (i.e., arsenic, cadmium,
copper, lead, and zinc). However, for surface water, additional data was collected including
nutrient and common ion concentrations, and other field parameters (e.g., acidity) . Surface
water samples were collec ted during each calendar quarter with two additional samples
collected during the spring snowmelt runoff period . Sediment samples were collected during the
first and third quarters . Macroinvertebrate and periphyton samples were collected during the
summer (third quarter) . Fisheries data, collected by Montana Fish Wildlife and Parks, included
trout population abundance at long -term reference sites and in situ mortality of confined fish at
selected sites.

Streamflows throughout the upper Clark Fork River wat ershed were at or slightly above the
long-term median for the period -of-record at nearly all sites during monitoring periods during
2014. Higher streamflows presumably contributed to slightly higher surface water contaminant
of concern (COC) concentrations in 2014 compared to 2013.

Exceedances of performance goals were rare for all COCs in surface water except arsenic and
copper. Of 30 samples collected in the mainstem Clark Fork River in 2014 (from five sites
during six sample periods) , no samples (0%) had zinc concentrations exceeding the performance
goal, one sample (3%) had cadmium concentrations exceeding the performance goal, and four
(13%) had lead concentrations exceeding the performance goal. However, arsenic commonly
exceeded performance goals, particularly in Reach A. Of 24 samples collected in the Clark Fork
River in Reach A (four sites during six sample periods), 96% exceeded the dissolved arsenic and
46% exceeded the total recoverable arsenic performance goals. Silver Bow Cree k and the Mill -
Will ow Creek appear to be sources of arsenic to the Clark Fork River as 94% (17 of 18) of the
samples from those sites exceeded the dissolved arsenic and 78% (14 of 18) exceeded the total
recoverable performance goals in those sites. Total recoverable copper concentration exceeded
the state of Montana chronic aquatic life standard (chronic ALS) in the mainstem Clark Fork
River sites in 95% of the samples collected in the first and second quarters , but only at Deer
Lodge in the third and fourth quarters. These r esults support the conclusion that copper
contamination in the upper Clark Fork River is strongly related to streamflow and contaminant
loading occurs primarily in Reach A.

The highest instream sediment COC concentrations in the mainstem of the Clark Fork River
were typically observed in the uppermost sample sites in Reach A and the lowest concentrations
were typically observed at the downstream -most site at Turah in 201 4. Concentrations of
arsenic, copper, and zinc exceeded the 0 pr o b a b | ;o necf ef netc(P&C; ithe higher of the
two reference values for the CFROU ) at all of the Clark Fork River mainstem monitoring



stations during both sample periods in 2014. Among all sites in the CFROU, arsenic most
commonly exceeded the PEC (88%) followed by copper (83%), lead (79%), zinc (75%), and
cadmium (50%).

Geomorphology data was collected during the third quarter of 2014 in Phase 1 of Reach A in
the CFROU. All monitoring metrics for channel dimension (i.e., ¢ ross-sectional area, bankfull
width , mean bankfull depth, and w idth to depth ratio), pool density, and residual pool depth
were with in the specified target ranges. The secondary channel stability performance target
was also met because the secondary channel did not carry more than 10% of the stre amflow of
the main channel when streamflows reached the design bankfull level. Performance targets that
were not met i ncluded floodplain connectivity and floodplain stability . Failure to meet the
performance targets for channel connectivity and floodplain  stability was the result of an over -
connected river channel and floodplain, which results in increased avulsion risk, rather than the
disconnected pre-project channel and floodplain . Performance targets for channel slope,
sinuosity, bank erosion rate, and channel migration rate were not scheduled for monitoring in
Year 1 (2014) but will be evaluated in Year 5 (2018).

Vegetation monitoring data was collected during the third quarter of 2014 in Phase 1 of
Reach A in the CFROU. The only vegetation monitoring m  etric applicable to Year 1 monitoring
was for overall floodplain plant survival which was 87.7%, exceeding the performance target for
Year 1 (80%). However, survival was 17.2% lower in in the floodplain riparian shrub cover type
(primarily consisting of sw ales) compared to the other floodplain cover types and survival of
planted birch trees ( Betula occidentalis ) was particularly low. Low survival in swales may have
been caused by the relatively deep swale excavation in combination with prolonged flood
inund ation which resulted in drowning. Other monitoring metrics with Year 1 performance
targets (floodplain total native cover and noxious weed cover) will be monitored in 2015. Some

floodplain plant survival monitoring plots will be monitored for plant surviva | in 2015 in
planting units that had not yet been planted at the time of monitoring in 2014.
Overall biotic integrity of the macroinvertebrate
all Clark Fork River tributary and mainstem sites; overall biointeg rity scores throughout the
CFROU ranged from 84.1 to 90.9. For metals sensitivity, index classifications in the mainstem
were onone6 at all sites except at Gemback Road whi

the mainstem ranged from 75.0 to 87.5. Metals sensitivity index classifications in the tributary
sites was omoderatedé at Racetrack Creek and Warm Spl
and the Little Blackf oot -WHlow @reek ané hodt Cieekometeld 1 n  Mi |
sensitivity score s in the tributaries ranged from 56.9 to 88.9. Nutrient sensitivity index
classifications wer e Qwithscerds ranging feoin BLO®AGOU si t es

Periphyton monitoring results revealed that many of the non  -diatom algae observed in the
CFROU were tolerant to elevated nutrients, acidity, metals, or combinations of those conditions.
However, diatom algae dominated the periphyton assemblage at all CFROU sites monitored in
2014 and periphyton samples were scored according to several bioassessmen t indices.
| mpairment from sedi ment was more |ikely than not (
Willow Creek, 93%; the Mill -Willow Bypass, 77%; and Silver Bow Creek, 81%) and four
mainstem sites (near Galen, 88%; at Galen Road, 57%; at Gemback Roa d, 79%; and at Deer



Lodge, 93%).1 mpai r ment from metals was more | ikely than
(Silver Bow Creek, 74%) and four mainstem sites (near Galen, 74%; at Galen Road, 88%; at
Gemback Road, 76%; and at Turah, 94%).

Based on fish population monitoring in the Clark Fork River, brown trout continue to
dominate the trout species assemblage in the upper Clark Fork River . This is presumably due,
at least in part, to their relatively high tolerance to metals compared to other salmonids . Brown

trout populations appear to be moderately increasing since 2011 at monitoring sites in the mid -
and upper -reaches of the Clark Fork River. Trout abundance in the Bearmouth reach remained

low in 2014, as in prior years , relative to other reaches of the upper Clark Fork River. It is
possible that above average discharge in 2011 increased the quality and quantity of brown trout
spawning and rearing habitat in the upper Clark Fork River and tributaries , resulting in the
modest increase in trout abundanc e in 2014.

Results of survival monitoring of caged juvenile brown trout indicated that, as in previous
survival studies in the upper Clark Fork River, mortality rates varied among sites and among
months. Most of the mortality in 2014 in the caged fish occu rred in April, July, and August.
This bimodal pattern was consistent with results from caged fish studies in 2012 and 2013.
Mortality tended to be highest during spring runoff and on the descending limb of the
hydrograph as water temperatures increased. Br own trout confined in the cages accumulated
both copper and zinc in their tissues at both mainstem Clark Fork River and tributary sites.
Tissue burdens of fish immediately after release from the hatchery were low compared to fish
sampled from cages in the CFROU. Fish from cages in the mainstem had significantly higher
metals burdens compared to fish from tributaries, but the difference was less pronounced for
zinc.

n



TABLE OF CONTENTS

1. O INTRODUCGTION ittt ettt et e e st be e e e e aabe e e e e sabbeee s aanbeeaeebbeeeesaneeeasanns 1
2. 0 SURFACE WATER .ottt ettt ettt sttt ettt e e s abe e e e s ab e e e e e sabae e e s snbaeeeeeannreeeas 4
2.1 INTRODUCTION ittt ettt sttt e st e e e e eabe e e e s sanbe e e e anbeeeessnbaneaeann 4
2.2 METHODS ...ttt e b et e b e e e e e e eanes 5
Y2205 W |V o 11 (o 1 o To T e o 11T o = SR PRRRR 5
2.2.1.1 Clark Fork River MainStemM  .......ccceiiiiiiiiiiiiiiee e 6
2.2.1.2 THDULAMNES ..eeiiiii ettt ettt e abee e s sanae e 6
2.2.2 Monitoring SChedUIE ..........ooiiiiii e 9
2.2.3 MONItOrNG PArameLerS .......ccovieiiiiiiiiiiiiiie e e s eesieeeeee e e s e s e e e e e e e e s ennnnneeeeeeeesenns 10
2.2.4 Sample Collection and ANAIYSIS ......ccooiiiiiiiiiiiiei e 10
2.2.5 Data ANAIYSIS ..vveeiiieeiiiiiiiiiie e e e e e s e a i raa e e e e anne 11
2.2.6 Data Validation .........coociiiiiiiiiiee e 12
P T = {11 U 15 T PR 12
2.3.1 SreamMIlOWS ...ooiiiiiiiie e e e ane 12
2.3.2 FIeld PAramMeter ......coooiiiiiiiiiiiii ettt e e e 15
2.3.2.1 Water TEMPEIATUIE ..coeeeeee e 15
W A X ol [0 | SR 17
2.3.2.3 CONAUCTIVITY ..eeiiiiiiiieiiiiiie ettt e st e e s enbae e e s snnaee e 18
2.3.2.4 DiSSOIVEA OXYGEN .ceeeiiiiiiieeee e ettt et e e e e s e rae e e e e e e s ennnr e e eae e e e ennnnnees 20
2.3.2.5 TUIDIAILY oo 21
2.3.3 Total Suspended SEAdIMENT .........ccciiiiiiiiiii e 23
2.3.4 COMMON TONS ..ottt e e ettt e e e e e e e eeaba e e e e e e eeeesbaa e eeeeeeeaennan 25
2.3.4.1 HAIANESS ...ttt ettt ab e e e aabne e e 25
2.3.4.2 Alkalinity and Bicarbonate ..........cccccceeiiiiiiiiiiee e 26
2.3.4.3 SUIALE ... 29
2.3.5 NUTENES i e e e e e e e e e e e e e s eanb e e e eeaeeeaanaes 30
2.3.5.1 TOtal NItFOGEN ..eoeveeeiei e e e e e e e e nnnes 30
2.3.5.2 Nitrate Plus Nitrite Nitrogen ... 33
2.3.5.3 Total AMMONIA ..ooiiiiiiiiiiiiec e e e e e 35
2.3.5.4 Total PhOSPNOIUS .....cooiuiiiiiii e 35
2.3.6 Contaminants Of CONCEIM .......oiiiiiiiiie et siee e e 38
P N ST R Y £ o [ o U U 38
2.3.6.2 CaOMIUM .ot e e e e e e e e e e e e e e nnaaes 51
2.3.6.3 GO PP i 61
2.3.6.4 LA ... e bbb 71



PG T TS T4 | Lo PR 81

2.3.7 Other MELAIS .....ooiiiiiiiiiiiiiiiii e e e e e e e e s e s e e e ee e e e s ennnnes 91
2.3.7.1 MEBICUIY oo 91
2.3.7.2 MEtNYIMEICUNY ..eeeiiii ettt st e sanae e 95
2.3.8 Data Validation ........ccoociiiiiiiiiiie e e e 96
P B 11T O U 1515 ] [ SRR 97
2.4.1 SEreaMMlOWS ....oueiiiiieii i e s e e e e e e anne 97
2.4.2 FIeld PArameterS .......oooiiuiiiiiiiiiie ittt ettt e s e e s snbe e e s s nnaea e 97
2.4.2.1 Water TEMPEIALUIE ......uiiiiiieeei ittt e e e e e r e e e e e e e e snneeeeeas 97
2.4.2.2 ACIHILY oottt seaeeas 98
P B @o ) [o 11 ox 11 1 98
2.4.2.4 DiSSOIVEA OXYGEN ..eiiiiiiiiieiiiiiee sttt s st e s stee e e s sbee e e s sbbe e e s s snbaeeessnneeeeeas 99
2.4.2.5 TUIDIAILY ooiieiiiei e 99
2.4.3 Total Suspended SEAIMENT ......cooc i e e e enanes 100
2. 4.4 COMMON JONS ..o 100
245 NUTIENES ooiiiiiiii ettt et e st e s st e e e s st e e e s snbbeeeesnbeeeeesneeeeeanns 100
2.4.6 Contaminants Of CONCEIM .......uiiiiiiiiie ettt e e s saeeeeeenes 101
A © 11 1= g/ =Y - £ R 102
2.4.8 Data Validation ..........cccuiiiiiiieii e a e e 103
G 0 IR 11/ SR 104
3.1 INTRODUCTION ittt sttt st e e st e e e e ssbe e e e s sbae e e s snbeeeessnrseeeeanns 104
0 |V 1 I ] 1 S PSR 104
1C 707205 N |7 o 11 (o 1 To T e o= 11 T <SR PRRRR 104
3.2.2 Monitoring SChedUIE ..........oeiiiie e 107
3.2.3 MONItOriNg PArameEterS ......cccccieieiiiieee i et eeee e e e et e e e nnneee e 107
3.2.4 Sample Collection and ANAIYSIS ......cccoiiiiiiiiiiiiei e 107
3.2.5 DaAta ANAIYSIS ..eeeeiiieeiiiiiiiiiie e e e e e e e e raa e e e s annn 108
3.2.6 Data Validation ..........cccuiiiiiiieii e a e 108
R B = {11 15 T PSR 109
3.3.1 Sample Size FraCtiON .......coooiiiiiiiiiiiiee sttt e e e 109
3.3.2 Contaminants Of CONCEIMN .......coiiiiiiiiiiei e e st ee e e e e e e e e e e s s s e eeaaeeeennne 110
R T Tt I A = =T oo OSSR 110
3.3.2.2 CadmMiUM oot e e e e e e eaaaes 114
B.83.2.3 GO O . i 118
R T T I T Vo OSSR 122
B.3.2.5 ZINC oottt 126
3.3.3 Data Validation .........cccccuiiiiiiii e 129
G A B 1 1S @ 01515 ] [ ST 129

Vi



3.4.1 Sample Size FraCtiOn .......coooiiiiiiiiiiiiee et 129
3.4.2 Contaminants Of CONCEIM .......uiiiiiiiiee ittt e e snreeeeaaes 130
3.4.3 Data ValidAtioN .......cccoiiiiiiiiiiiiee et 130

4.0 GEOMORPHOL  OGY ..ottt ettt ettt sttt et e e st e e smbe e e eaeeesnbeeesnteeeabeeeenneeeans 131
4.1 INTRODUCTION oottt sttt ettt st e e st e e s te e e snte e e beeesnteeesneeeeanneeans 131
4.2 METHODS ..ttt et e ettt e e s bttt e e e aabb e e e e sttt e e e enbeeeeeannneeeeas 132
4.2.1 MOoNItoring LOCALIONS  .....ceiiiiiiiiiie ettt s e e e 132
4.2.2 MoNItoring SChedUIE ..........oviiiiiie e e e e 132
4.2.3 MOoNItoring Parameters .......ooocuiiiiiiiiiie et 132
4.2.4 Sample Collection and ANAIYSIS .....c.eeiiiiiiiiieiie e 133
4.2.4.1 Channel CroSS -SECHONS........cuutieiiiiiie sttt 133

4.2.4.2 Channel Slope and SINUOSILY .......ccccvvviiiieeeiiiiiiiereee e e 134

4.2.4.3 POOI DENSILY ...vvviiiiiiieie ittt ettt e e eneee s 134

4.2.4.4 Residual Pool DEPth .......eeviiiiiiiie e 134

4.2.4.5 Streambank Erosion and Channel Migration Rate  .........cccccceeevvnnnee. 134

4.2.4.6 Floodplain CONNECLIVILY  ......eevvieeeiiiiiiiiiriie s e e e e e esneee e e e e e e s e ennnes 134

4.2.4.7 Floodplain Stability ......ccccoeeiiiiieiiiiee e 135

4.2.4.8 Secondary Channel Stability ........ccccoiiiiiiiii e 135

4.2.5 Data ANAIYSIS ....eeeiiiiiii it a e 135

e ] | I SR 135
4.3.1 Channel CroSS -SECHONS .....c..ccuiiiiiiiiiie ittt e e et e e s s snbee e e s snneeee s 135
4.3.2 SIOPE aNd SINUOSILY ..eeveiiiiiiiiiiiiie et e e s e e e snneee e 138
4.3.3 Pool Density and Residual Pool Depth ... 138
4.3.4 Bank Erosion and Channel Migration Rate  ........cccceeei i 142
4.3.5 Floodplain CONNECLIVILY  .....ooiiiiiiiiiiiiie et 144
4.3.6 Floodplain Stability ........ccccoiiiiiiiii e 148
4.3.7 Secondary Channel Stability .........ccccciiiiieeii e 154

A4 DISCUSSION ..ottt ettt ettt e e st eesae e e snteeeaneeeenteeesnaeeesnseeannneeans 158
B O VEGETATION ittt et ettt e e et e e et e e sateeeteeesmteeeameeeaneeesnneeeneas 159
5.1 INTRODUCTION oottt e e sttt e e st e e e e smbee e e s snae e e e anbeeeesnnreneeeanns 159
I Y 1 I ] 2 S PSR 159
5.2.1 Monitoring LOCALIONS  ......uuiiiiiiieii it e e e e e e e e e e e e e e 160
5.2.1.1 Streambank MONITOMNNG  .....uvvieieeiiiiiiiiiee e e e 160

5.2.1.2 Floodplain MONITOING  ....cocveeiiiiiiiieeiiee e 165

5.2.2 MONitoring SChedUIE .........oceiiiiiiie e 165
5.2.3 MONItOriNg PArameLerS ........ccoeeiiiiiiiiiiiieie et e e e e e e r e e e e e e e snaaae e e e e e e e ans 166
5.2.3.1 Performance TargetS .......cccccccvveeei i et e e ssee e e e e e e 166

5.2.3.2 Other FACOIS ...ooviiiieiiiiie ettt enntae e s nnnaee e 166

Vi



5.2.4 Sample Collection and ANAIYSIS ......cccoiuiiiiiiiiiiiiiiie e 167

5.2.4.1 Streambank MONITOMNNG  ....ovvieiieeiiiiiiiiiiereee e e s e e e e e s e enanes 167

5.2.4.2 Floodplain MONITONNG  oocceiieiieie oot e e e niree e e e e e e e e ennnes 167

5.2.5 DaAta ANGIYSIS ..eiiiiiiiiei ittt a e aabeeaeeaae 168

TR B = {11 U I 5 T PSRRI 168
5.3.1 Streambank MONItOIING  ....oovvieeiiiiiiiiiecce e e e e rrere e e e e e 168
5.3.2 Floodplain MONITOMNG  ...eevviiiiieeeeiiiiiiiiie e e e e e e e e e e e e e s s snnaneeeeeeeeens 176
5.3.3 NOXIOUS WEEAS........eiiiiiiiiiii ettt ettt ettt e s e e e s nbe e e e s snbeeae e eae 186
5.3.4 Browse INtENSILY  ....eeiiiiiiiiie ittt 186

A B 11T O U 515 ] [ SRR 188
6. 0 PERIPHYTON oottt ettt e e e ettt e e e e st e e e e aabb e e e s snbbe e e e eanbeeeesanbneaenas 190
6.1 INTRODUCTION ottt ettt et see e et e e et e e saeeeente e e snteeeneeeennes 190
L Y 1 I o [ 3 S PSR 190
B.2.1 SAMPIING .eeieiiiiie et e e e e nbe e e e e anreeeeanns 190
6.2.2 Laboratory ANAIYSIS .....cccvviiiiieeei it ee e s e e e e e e s e e e e e 191
6.2.2.1 NON-Diatom AlgAE .....ccevviiiiieeie i e e e e e nnraeees 191

6.2.2.2 DIatOmM AlQAE ..oooieeiiieiiiiie ettt 192

6.2.3 DAta ANGIYSIS ..eiiiiiiiieiiiiiie ettt e e nnreeaeeaan 192
6.2.3.1 NON-Diatom AlgAE .....cceeviiiiieeii it e e e e e e ranees 192

6.2.3.2 Diatom Bioassessment INAICES .......cccvvveeiiiiiciiiiiieee e 193

6.2.3.3 Ecological INterpretations  .........occeveiiiiieesiiieeee e 194

LR T = {1 1 15 T PSR 195
6.3.1 NON-DIatomM AlQAE ......coceeeiiieiiiee ettt e e e e e e e e e e e e e e e e eeeans 195
6.3.2 Diatom Bioassessment INAICES .........cevvveeiiiiiiiiiiiiie e e e e e 197
6.3.2.1 Diatom INCreaSEr TAXA .....cceeeeviiiiiiiiiiieeeei i e e 197

6.3.2.2 Sediment INCreaSEr TAXA .........ccccivveeeieeeiiiiiiiieeeee e e e e esiirre e e e e e e e e eaaaeneeeas 197

6.3.2.3 MetalS INCreASEI TAXA ...vvvirieeeeiiiiiiieieieeesiieiiieeeeee e e s esenraerreee e e s e s nnseneeees 197

6.3.2.4 NULHENt INCrEASEr TAXA  ..vvvveeeiiiiriieieieeesieittiieeeeeeessessnnneereeesesesennenneees 198

6.3.2.5 Diatom Association Metrics for Montana Mountain Streams  ............ 199

6.3.2.6 Additional Diatom Ass ociation Metrics .........ccccccceiiiiiiiiieeieeee e, 202

6.3.3 Ecological Interpretations of Periphyton Assemblages .......ccccooccciieeveeeeiiinnns 204
6.3.3.1 NON-Diatom AlgAE ......c.evviiiieeei i 204

6.3.3.2 DIatOm AlQAE .....eeiiiiiiiiiiie ittt 206

6.3.3.3 Site SpecCific NarratiVeS ..........cooccvviiiiie e 207

7.0 MACROINVERTEBRA = TES ... ittt ettt e et tee e e st e e s sntee e e snnaneesnnnaeeenas 215
7.1 INTRODUCTION oottt ettt et e sme et e e et e e emte e e saeeeenneeesnteeeneeeennes 215
A Y = I T T 1 SR 216
7.2.1 SAMPING e 216

viii



7.3

7.4

8. 0 FISH

8.1

8.2

8.3

7.2.2 Laboratory ANAIYSIS ....ocueeiiiiiiiiie ettt 216

7.2.3 Quality ASSUraNCE SYSIEIMS ....cciiiceiiiiiiiiee e e iiiiier e e e e e e s enteerere e e s s s snnreeeeeeeaeesennnes 217
7.2.4 Data ANAIYSIS ..eveeiiieiiiiiiiiieii e e e e et e e e e s e e e e e s s e e e e e e e anr e e aeeeeannnnes 217
7.2.5 Ecological Interpretations: ApProach .......ccoooceiiiiiii e 218
RESULTS ittt ettt ettt e e ek bt e e e eabe e e e s esbbe e e s enbbeeaeenbeeeesanneeaenas 219
7.3.1 BIOASSESSIMENE ...uieiiiiiiiiei ettt ettt ettt ettt e s sbb e e e s sanbe e e e s anbeeeenaae 219
7.3.1.1 Overall Biointegrity INAEX  ..ocoviiiiieeee e 220
7.3.1.2 MEtalS SUDSEL ...t 220
7.3.1.3 Organic and NUtrient SUDSEt .........cooiiiiiiiiie e 222

7.3.2 Ecological Interpretation of Aquatic Invertebrate A ssemblages.................... 224
7.3.2.1 Mill -Willow Creek at Frontage Road (MCWC -MWB) .......ccccceeevvnnneee. 224
7.3.2.2 Warm Springs Creek near mouth (WSC  -SBC)......ccccecveeerriieeeniiiienennn 224
7.3.2.3 Silver Bow Creek at Warm Springs (SS  -25) ..cccoccvcveviiieeeiiiieee e 225
7.3.2.4 Clark Fork near Galen (CFR  -03A) ....oovviiiiiiiiieeeee e 225
7.3.2.5 Clark Fork at Galen Road (CFR -07D).....cccccviiiireeiiiiiiieeeee e 226
7.3.2.6 Clark Fork at Gemback Road (CFR -11F) .....ccccoociiiiiiiiiee e, 226
7.3.2.7 Clark Fork at Turah (CFR  =116A) ..ccciiiiiiiiiiieie e 227
7.3.2.8 Lost Creek at Frontage Road (LC -7.5) ....cccccviiieeeeiiiiiiieec e 227
7.3.2.9 Racetrack Creek at Frontage Road (RTC -1.5)......ccccccvivivereeeiiiceninennn. 228
7.3.2.10Little Blackfoot River at Beck Hill Road (LBR  -CFR)......cccccceeviviennnne 228
CONCLUSIONS ...ttt ettt st e e e st e e e st e e e sabe e e e s snbaeeessnnbeeeesanseeeaeanns 229
....................................................................................................................................... 231
INTRODUCTION ittt ettt ettt et e e et e e snte e e neeesnneeesneeesnneeeenees 231
8.1.1 ODJECHVES .....eeiiiiiiiee ettt e e e e e e e e e e e s e e e e e e e n i rraaaaeeeaannes 232
IMETHODS ..ottt ettt e ettt e e e es e e e e estae e e s anbaeeessnnbeeaeeansaeeesanneeeenas 232
8.2.1 Population MONITOMING  ..veeieiiiieee et e e e seaeee e 232
S T2 O To [ @] 0 1S3 i (1 o 1o o PSSR 233
8.2.3 SHUAY SIS ....uviiiiiiiie i e e e e e e e e e e s e e e e e e e e s e s nnrrrareaaeeeeaannes 234
8.2.4 Cage DeplOYMENT .....cooo ittt 235
8.2.5 Mortality MONITOMING  coooeeeeee ettt s st e e e nnneee e 237
8.2.6 Growth and CoNditioN ..........occuiiiiiiiiiieii e 238
8.2.7 Tissue Metals BUIAENS .....ccooiuiiiiiiiieie et 239
8.2.8 Water CONtAMINGNTS .....c.ueveiiiiiii ettt e e e e st e e e s snee e e s snaeeeeennnaeeenas 240
8.2.9 Discharge and Water TEMPEIatUre .......c.cocccvviiiieeeeesiiciiiieee e e e e e e seiree e e e e e e ennees 240
8.2.10 Water QUAIILY ...oeeeeeeeiiiiiiiiiii i e e e e e s e e e e e e s e a e e e e e e anne 241
] | 5 SRR 241
8.3.1 Trout Population MONItOIING  ..eeeiiiiiiiiie e e 241
8.3.2 Cage Fish Mortality, Discharge, and Water Temperature  ..........ccccceeeeeeeene 250



TR T2 N =0 o Vo 2 TR 251

o T T 1 Y =T = 0 1 251
8.3.2.3 WAIM SPINGS .evvviiiiieeeiiiiiiiiiitteeessssssieeeeeeesssssssreeereeessssssssssereeeeesssnnssnnns 251
8.3.2.4 PErkiNS LANE ....ouveiiiiei ittt 252
8.3.2.5 GaAlBN ..t e 252

o TG T I = T =1 i - Lo - 252

o TG T A 1= e T [ T 252
8.3.2.8 Upstream of the Little Blackfoot River ..o 253
8.3.2.9 Lower Little Blackfoot River (Tributary — )..cooooeeeiiiii e 253
8.3.2.10Flint Creek (Tributary) ..o 253

o TG T It T == T4 0T T 1 o 253
8.3.2.12Clinton Spring (Handling Control)  .....ccceviiiieeeee e 253

8.3.3 Growth and Co NAILION ......cooiiiiiiiiiiiie e 261
8.3.4 Tissue MetalS BUIdENS .......ccovieiiiiiiiiiiiiiee e e ee e e e e e s e r e e e e e e e e snnaen e e e e e e e ens 265
8.3.5 COMPANISONS ....vviiiiieeiiiiiiiiietiee e st isetee e e e eeesesse e rreaeesssasssaarereeeesasasnseneneeeeeesaannes 273
8.3.5.1 Tributary VS. MAINSIEM  ...coiiiiiiiie e 273
8.3.5.2 Upstream Construction versus Downstream Construction ............... 274
8.3.5.3 Annual COMPANISONS .....ccuuviiieiieeeiiiiiiiier e e ee e e s essreerr e e e e e s ensnraeereeeeeeeannanes 274

8.3.6 Water ContamiNantS .........c..cevvieiiiiiiiiiiieeie e e e s esirree e e e e e s ssnrrrrreeeeesesnnnneereeeeeeanns 282
8.3.7 WaAter QUAIILY ..eoiiieiiieiiiiiee ettt e e s st e e s e e s nnree e e e enn 289
LS T 0 T o 1 SRS 289
8.3.7.2 Specific CONAUCLIVILY ..ooceeiiiiiiie et e e e 289
8.3.7.3 Luminescent DiSsolved OXYJEN .....ccceevvreeeiiiiiiiiiieeee e e e esiineeeee e e s e 289
8.3.7.4 Total AMMONIA ...ooiiiiiiiiiiiiieeee e e e e e e e e 289

S R B 11T @ 01515 ] [ SR 292
8.4.1 Trout Population MONITOMNNG  ...oocceeiiiiiiee e e e e e e e 292
8.4.2 SUIVIVAI ..ot e e e e e e e e e e e aaaaes 292
8.4.3 TISSUE BUIUENS ....ooiiiiiiieee et e e e et e e e e e e e eaaaes 293
8.4.4 Water CONtaAMINANIS ....c.uuiiiiiiee e e e e e e e e e e e e e s e snraeereaeeeeens 294
S I o ][ 13 o) o S RSEERR 295
8.5 ACKNOWLEDGEMENTS ittt e st e e s seaee e e s snnae e e s snneeee e enees 296
9. O REFERENGCES ..ottt ettt ettt et e ettt e e sttt e et e e smt e e e teeesmteeeeneeeaneeesnneeennas 297



Appendix A

Appendix B
Appendix C
Appendix D
Appendix E
Appendix F
Appendix G
Appendix H
Appendix |

Appendix J
Appendix K

Appendix L

LIST OF APPENDICES

Quality Assurance and Quality Control Review and Summary for Surface
Water and Instream Sediment

Analytical Laboratory Results

Surface Water Data

Instream Sediment Data

Diatom Association Metrics

Periphyton Data: Non -diatom Algae

Periphyton Data: Diatom Algae

Macroinvertebrate Data

Macroinvertebrate Bioindex Scores

Macroinvertebrate Quality Assurance and Quality Control Procedures
Published Electrofishing Data from Lindstrom [2011]

Combined Results of U.S. Geological Survey and Montana Department of
Environmental Quality Surface Water Monito  ring for Contaminants of
Concern in the Clark Fork River Operable Unit, 2014

Xi



LIST OF TABLES

TABLE PAGE

Table 2-1. Remediation performance goals for surface water in the Clark Fork River
Operable Unit [USEPA, 2004].  ..oooiiiie ettt e e e e e e e e e e e e e e eannees 5

Table 2-2. Surface water sampling locations in the Clark Fork River Operable Unit,
2014. Streamflows were measured at all sites which did not a have co -located
USGS StreamflOW QAUGE. .....eveiieiii it e e e e e e e e sabaee e e e e e e e snnnreeeeees 9

Table 2-3. Sampling parameters and analytes for surface water monitoring of the Clark
Fork River Operable Unit, 2014, ... 10

Table 2-4. Analytes and methods for surface water samples in the Clark Fork River
Operable Unit, 2014. All samples were analyzed by Energy Laboratories in
Helena, MONTANA.  ...ooooiiiiieie et e e s sbb e e e s anreee s 11

Table 2-5. Total nitrogen concentrations (mg/L) at Clark Fork River Operable Unit
MONItOriNg StAtiONS, 2014, ....eeiiiieie e e e e s e e e e e e e e e es 31

Table 2-6. Nitrate plus nitrite nitrogen concentrations (mg/L) at Clark Fork River
Operable Unit monitoring stations, 2014. ... 33

Table 2-7. Total ammonia concentrations (mg/L) at Clark Fork River Operable Unit
MONItOriNg StAtioNS, 2014, ....ouiiiiiii e e e 35

Table 2-8. Total phosphorus concentrations (mg/L) at Clark Fork River Operable Unit
Lo Ty o TqT T Y £= 110 LS T 0 S 36

Table 2-9. Dissolved arsenic concentrations (mg/L) at Clark Fork River Operable Unit
MONItOriNg StAtiONS, 2014, ....euiiieiie e e e e s e e e e e s eas 39

Table 2-10. Total recoverable arsenic concentrations (mg/L) at Clark Fork Riv  er
Operable Unit monitoring stations, 2014, ... 40

Table 2-11. Total recoverable cadmium concentrations (mg/L) at Clark Fork River
Operable Unit monitoring stations, 2014, ..........ooiiiiiiiiiiee e 52

Table 2-12. Total recoverable copper concentrations (mg/L) at Clark Fork River
Operable Unit monitoring stations, 2014. ... 62

Table 2-13. Total recoverable lead concentrations (mg/L) at Clark Fork River Operable
Unit monitoring stations, 2014, ... 72

Table 2-14. Total recoverable zinc concentrations (mg/L) at Clark Fork River Operable
Unit monitoring stations, 2014, ... 82

Table 2-15. Total mer cury concentrations (mg/L) at Clark Fork River Operable Unit
MONItOriNg StatioNS, 2014, ....ouiiiiii e e e e e 91

Table 2-16. Methylmercury concentrations (ng/L) at Clark Fork River Ope  rable Unit
MONItOrNG StAtioNS, 2014, ...t s s e st e e e e e e enrees 95

Table 3-1. Reference values for contaminant of concern (COC) concentrations (expressed
as dry weight concentrations [DW]) in instream sediments within the Clark Fork

Xii



River Operable Unit. The threshold effect concentration (TEC) and probable effect

concentration (P EC) were described in MacDonald et al. [2000]. ........ccccccevveeeeeininnnee. 104
Table 3-2. Instream sediment sampling locations in the Clark Fork River Operable

L] ) P 1SS 105
Table 3-3. Sediment analysis methods for determination of metals concentrations in the

Clark Fork River Operable Unit, 2014. ..o e e 108
Table 3-4. Proportion of each sample collected in the Clark Fork River Operable Unit

composed of fine fraction (<0.065 mm) sediment particles, 2014. ........cccoceeviiiieennen 109

Table 3-5. Total arsenic concentrations (mg/kg dry weight) in fine fraction (<0.065 mm)
instream sediment samples from the Clark Fork River Operable Unit, 2014.  ........... 113

Table 3-6. Total cadmium concentrations (mg/kg dry weight) in fine fraction (<0.065
mm) instream sediment samples from the Clark Fork River Operable Unit, 2014. 117

Table 3-7. Total copper concentrations (mg/kg dry weight) in fine fraction (<0.065 mm)
instream sediment samples from the Clark Fork River Operable Unit, 2014.  ........... 121

Table 3-8. Total lead concentrations (mg/kg dry weight) in fine fraction (<0.065 mm)
instream sediment samples from the Clark Fork River Operable Unit, 2014.  ........... 125

Table 3-9. Total zinc concentrations (mg/kg dry weight) in fine fraction (<0.065 mm)
instream sediment samples from the Clark Fork River Operable Unit, 2014.  ........... 129

Table 4-1. Performance targets for geomorphic monitoring metrics in Phase 1 of the
Clark Fork River Operable Unit following remediation [Source: Sacry et al.,

2 0 2 R RPSTSR 133
Table 4-2. Cross-section monitoring results for geomorphic monitoring in Phase 1 of the
Clark Fork River Operable Unit, 2014,  .....ooeiiiiie e 136

Table 4-3. Residual pool depths in Phase 1 of the Clark Fork River Operable Unit, 2014.  .140

Table 5-1. Performance target s for vegetation monitoring metrics in Phase 1 of the
Clark Fork River Operable Unit following remediation [Source: Sacry et al.,
120 12 SR 166

Table 5-2. Cover (%) and height (in) of woody vegetation in streambank cover
monitoring plots in Phase 1 of Reach A of the Clark Fork River Operable Unit,

Table 5-3. Occurren ce of plant species in streambank cover monitoring plots ( n = 147) in
Phase 1 of Reach A of the Clark Fork River Operable Unit, 2014. Noxious species

classifications from MDA [2015].  .ooouiiiiiiiiee e e 176
Table 5-4. Survival of planted shrubs and trees by planting unit in Phase 1, Reach A of
the Clark Fork Operable Unit, 2014, ..o e e 180

Table 5-5. Survival of planted shrubs and trees by cover type and species in Phase 1,
Reach A of the Clark Fork Operable Unit, 2014. ..o 181

Table 5-6. Occurrence of plant species in floodplain survival monitoring plots in Phase 1
of Reach A of the Clark Fork River Operable Unit, 2014. Noxious species
classifications from MDA [2015].  ...eoiiiiiiiiie e 183

Table 5-7. Browse intensity and plant survival in floodplain survival monitoring plots in
Phase 1 of Reach A of the Clark Fork River Operable Unit, 2014. ........cccccoeviiviveeennn. 187

Xiii



Table 5-8. Browse intensity by species in floodplain plant survival monitoring plots in

Phase 1 of Reach A in the Clark Fork River Operable Unit, 2014.  ....cccccceeviiiivinennnn. 187
Table 6-1. Periphyton sampling locations in the Clark Fork River Operable Unit, 2014. ...191
Table 6-2. Number of major non -diatom algae genera, by algal division, present at Clark

Fork River Operable Unit monitoring sites, 2014. ... 196
Table 6-3. Diatom association metrics and biological integrity and impairment ratings

for Clark Fork River Operable Unit monitoring sites, 2014 (after Bahls [1993]).  ...... 201
Table 7-1. Macroinvertebrate sampling sites in the Clark Fork River basin, August 7 -8,

2 0 S USSR 216

Table 7-2. Mean macroinvertebrate bioassessment scores and impairment

classifi cati ons: Mc Gui reds indices for gener al bi

impairment, and metals impairment. Scores are mean values over four replicate
samples, and are expressed as the percent of maximum score. Clark Fork River
basin, AUGUSE 7 -8, 2014 .......oeiiieiii oot e e e e e e e e e e e e e e e e e e 223

Table 7-3. Clark Fork River basin sites and probable stressors as suggested by the
composition of macroinvertebrate assemblages. Clark Fork River basin, August 7 -

Table 8-1. Electrofishing data collected on the Upper Clark Fork River at the pH Shack
Section from 2011 -2014. Population estimates and capture efficie ncies are for

trout greater t han 175 mm (~70) i n t o
population estimate (in parentheses) represent the 95 % confidence interval. Cutt
x Rbow represents a phenotypic hybrid between a Cutthroat and Rainbow trout. ...244

Table 8-2. Electrofishing data collected on the Upper Clark Fork River at the Below
Sager Lane Section from 2011 -2014. Population estimates and capture efficiencies

t al | en

arefor Brown Trout greater than 175 mm (~706) in to

the population estimate (in parentheses) represent the 95 % confidence interval.  ....245

Table 8-3. Electrofishing data collected on the Upper Clark Fork River at the Williams -
Tavenner Section from 2011 -2014. Population estimates and capture efficiencies
are for Brown Trout greater than 175 mm
the populati on estimate (in parentheses) represent the 95 % confidence interval. ....246

Table 8-4. Electrofishing data collected on the Upper Clark Fork River at the Phosphate
Section from 2011 -2014. Population estimates and capture efficiencies are for

trout greater t han 175 mm (~706) i n t o
population estimate (in parentheses) represent the 95 % confidence interval. Cutt
x Rbow represents a phenot ypic hybrid between a Cutthroat and Rainbow trout.  ....247

Table 8-5. Electrofishing data collected on the Upper Clark Fork River at the Flint
Creek Mouth Section fro m 2009-2014. Population estimates and capture
efficiencies are for trout greater than
following the population estimate (in parentheses) represent the 95 % confidence
interval. Cutt x Rbow represents a phenotypic hybri d between a Cutthroat and
Rainbow trout. Brook x Bull represents a phenotypic hybrid between an eastern
Brook and BUIl trOUL.  ....eeeiieiie ettt 248

Table 8-6. Electrofishing data collected on the Upper Clark Fork River at the
Bearmouth Section from 2009 -2014. Population estimates and capture efficiencies
are for trout greater than 175 mm ( ~7¢6) i n tot al l engt h.

Xiv

(~76) in

t al | en

175 mm

Number s



population estimate (in parentheses) represent the 95 % confidence interval. Cutt

x Rbow represents a phenotypic hybrid between a Cutthroat and Rainbow trout. ....249
Table 8-7. Electrofishing data collected on the Upper Clark Fork River at the Jens

L1 U= Tox 1T R PP 250
Table 8-8. Electrofishing data collected on the Upper Clark Fork River at the Above

Deer Lodge CPUE SECHON. .....cooiiiiiiiiiiiiiee ettt ettt e et e e e e e e s sabeeae e 250
Table 8-9. Survival, net number of fish added during the survival study period (April 14

0July 31) and fish remaining in cages one

(df = 1 for all tests) between survival at mainstem treatment sites and mean

survival at two tributary control sites are also presented. Statisticall y significant

P-values are iN DOIA. ..........ooiiii e 260

Table 8-10. Bonferroni -corrected p- values from pairwise t-tests of whole body copper
tissue burdens between 12 sites in th e Upper Clark Fork River Drainage. Values
<O.05Are iN DOIA. .. e e e e e e 268

Table 8-11. Bonferroni -corrected p-values from pairwise t-tests of whole body zinc tissue
burdens between 12 sites in the Upper Clark Fork River Drainage. Values <0.05
=T £ =N 01 o o] (o R OO PP OPPPR 269

Table 8-12. Mean annual survival at in caged fish studies conducted in the Upper Clark
Fork Drainage, 2011 -2014.......coocoi ittt e e e e e 282

XV

and

t



LIST OF FIGURES

FIGURE PAGE

Figure 1 -1. Remedial reaches of the Clark Fork River Operable Unit [So urce: USEPA,

20 SRR 2
Figure 1 -2. Remedial phases of Reach A in the Clark Fork River Operable Unit [Source:

Bartkowiak et al., 2011].  ...oviiiiiieiiiiiee e e a e e e 3
Figure 2 -1. Surface water sampling locations in the Clark Fork River Operable Unit,

2 0 USSR 8
Figure 2 -2. Hydrograph for Silver Bow Creek at Warm Springs, 2014.  ......ccccovviiieeeiiiienenne 13
Figure 2 -3. Hydrograph for Clark Fork River near Galen, 2014.  .....ccoooeeeeeiiiiiieeeeee e 13
Figure 2 -4. Hydrograph for Clark Fork River at Deer Lodge, 2014. ........ccoceiviiieeeniiieeeennns 14
Figure 2 -5. Hydrograph for Clark Fork River near Drummond, 2014.  ........ccccciiieeeeeeeiinnnns 14
Figure 2 -6. Hydrograph for Clark Fork River at Turah Bridge, 2014. ... 15
Figure 2 -7. Surface water temperatures at mainstem sampli  ng sites in the Clark Fork

River Operable UNit, 2014, ...t e e e e e e e e e e e e e e e s 16
Figure 2 -8. Surface water temperatures at tributary sampling sites in the Clark Fork

River Operable Unit, 2014, ......oocoii it e e e e e e e e s e e raeeeees 16
Figure 2-9. Surface water pH at mainstem sampling sites in the Clark Fork River

Operable UNit, 2014, ..ot s e e e e e e s s e e e e e e e e e e e e e s annne 17
Figure 2-10. Surface water pH at tributary sampling sites in the Clark Fork River

Operable Unit, 2014, ..o e e a e e e e e e e aaaes 18
Figure 2 -11. Conductivity at mainstem sampling sites in the Clark Fork River Operable

L] ) P 1 SR 19
Figure 2 -12. Conductivity at tributary sampling sites in the Clark Fork River Operable

Lo ) P2 1SS 19
Figure 2 -13. Dissolved oxygen concentrations at mainstem sampling sites in the Clark

Fork River Operable Unit, 20 14. ........ooiiiiieei e e e e e e e e 20
Figure 2 -14. Dissolved oxygen concentrations at tributary sampling sites in the Clark

Fork River Operable Unit, 2014, ... e e e e aaee e e s 21
Figure 2 -15. Turbidity at mainstem sampling sites in the Clark Fork River Operable

L] T P 1 SRR 22
Figure 2 -16. Turbidity at tributary sampling sites in the Clark Fork River Operable

L] ) P 1 TSR 22
Figure 2 -17. Total suspended sediment concentrations at mainste m sampling sites in

the Clark Fork River Operable Unit, 2014.  ...oooiiii e 24

XVi



Figure 2 -18. Total suspended sediment concentrations at tributary sampling sites in the
Clark For k River Operable Unit, 2014. No bars indicate values below the

analytical reporting imit. ..o 24
Figure 2-19. Water hardness at mainstem sampling sites in the Clark F ork River

Operable UNit, 2014, ...t e e e e e s s e e e e e s e e e e e e e e e s eanne 25
Figure 2-20. Water hardness at tributary sampling sites in the Clark Fork River

Operable UNit, 2014, ..ot e e e s e r e e e e e e e r e e e e e e aaanne 26
Figure 2 -21. Alkalinity at mainstem sampling sites in the Clark Fork River Operable

L] ) P 1SS 27
Figure 2 -22. Alkalinity at tributary sampling sites in the Clark Fork River Operable

L] ) P 1SS 27
Figure 2 -23. Bicarbonate alkalinity at mainstem sampling sites in the Clark Fork River

Operable Unit, 2014, ..ot e e e e e e e e e e e e aaaaes 28
Figure 2 -24. Bicarbonate alkalinity at  tributary sampling sites in the Clark Fork River

Operable UNit, 2014, ..ot s e e e e e e s s e e e e e e e e e e e e e s annne 28
Figure 2 -25. Sulfate concentrations a t mainstem sampling sites in the Clark Fork River

Operable UNit, 2014, ..ot e s e e e e e s s e e e e e e s e e e e e e e e nannn 29
Figure 2 -26. Sulfate concentrations at tributary  sampling sites in the Clark Fork River

Operable UNit, 2014, ..ot e e e e e s e e e e e e s e a e e e e e e e nanne 30

Figure 2-27. Total nitrogen concentrations (mg/L) at Clark Fork River mainstem
monitoring stations, 2014. Red line represents total nitroge n standard [MDEQ,
220 1o ) SR 32

Figure 2-28. Total nitrogen concentrations (mg/L) at Clark Fork River tributary
monitoring stations, 2014. Red line represents total  nitrogen standard [MDEQ,

220 1o ) SR 32
Figure 2-29. Nitrate plus nitrite nitrogen concentrations (mg/L) at Clark Fork River
mainstem monitoring Stations, 2014,  ......eovii e ——————— 34

Figure 2-30. Nitrate plus nitrite nitrogen concentrations (mg/L) at Clark Fork River
tributary monitoring stations, 2014, ..o 34

Figure 2 -31. Total phosphorus concentrations (mg/L) at Clark Fork River mainstem
monitoring stations, 2014. Red line represents total nitrogen standard [MDEQ,
20 ) SO TSSSORN 37

Figure 2-32. Total phosphorus concentrations (mg/L) at Clark Fork River tributary
monitoring stations, 2014. Red line represents total nitrogen standard [MDEQ,
0K ) OO 37

Figure 2 -33. Total recoverable and dissolved arsenic (As) concentrations at mainstem
sampling sites in the Clark Fork River Operable Unit (CFROU), 2014. Applicable
water quali ty standards are the acute and chronic aquatic life standards (ALS)
[MDEQ, 2012b] and the arsenic performance goals from the CFROU Record of
Decision (ROD) [USEPA, 2004]. The ROD performance goals are 0.010 mg/L for
dissolved and 0.018 mg/L for total recov erable arsenic [USEPA, 2004]. ........ccccccuee..e. 41

Figure 2 -34. Total recoverable (TR) and dissolved (Diss) arsenic concentrations at Clark
Fork River tributary sites, 2014. Applic  able water quality standards are the acute

XVii



and chronic aquatic life standards (ALS) [MDEQ, 2012b] and the arsenic
performance goals from the CFROU Record of Decision (ROD) [USEPA, 2004].

The ROD performance goals are 0.010 mg/L for dissolved and 0.018 mg/L  for total
recoverable arsenic [USEPA, 2004]. ...t 42

Figure 2 -35. Total recoverable arsenic (As) compliance ratios for the Silver Bow Creek
at Warm Springs site, 2011 -2014. Compliance ratios are based on the chronic
aquatic life standard (As Chronic) [MDEQ, 2012b] and the Clark Fork River
Operable Unit Record of Decision performance goals for dissolved (Diss As) and
total recoverable (TR As) arsenic concentrations [USE PA, 2004]. .....cccoccveeeiiiiieeeenee 43

Figure 2 -36. Total recoverable arsenic (As) compliance ratios for the Clark Fork River
near Galen site, 2010 -2014. Compliance ratios are based on the chronic aquatic
life standard (As Chronic) [MDEQ, 2012b] and the Clark Fork River Operable
Unit Record of Decision performance goals for the dissolved (Diss As) and total
recoverable (TR As) arsenic concentrations [USEPA, 2004]. ........ccoccciveeee i, 44

Figure 2 -37. Total recoverable arsenic (As) compliance ratios for the Clark Fork River at
Deer Lodge site, 2010-2014. Compliance ratios are based on the chronic aquatic
life standard (A s Chronic) [MDEQ, 2012b] and the Clark Fork River Operable
Unit Record of Decision performance goals for the dissolved (Diss As) and total
recoverable (TR As) arsenic concentrations [USEPA, 2004]. ........ccocccveeeeee e, 45

Figure 2 -38. Total recoverable arsenic (As) compliance ratios for the Clark Fork River at
Turah site, 2010 -2014. Compliance ratios are based on the chronic aquatic life
standard (As Chronic) [MDEQ, 2012b] and the Clark  Fork River Operable Unit
Record of Decision performance goals for the dissolved (Diss As) and total
recoverable (TR As) arsenic concentrations [USEPA, 2004]. .......cccoccciveeeee v vciviieeen, 46

Figure 2-39. Dissolved arsenic compliance ratios for the Clark Fork River mainstem
sites, 2014. Compliance ratio is based on Clark Fork River Operable Unit Record
of Decision performance goal for dissolved arsenic (Diss As) concentration
L ST S SN2 0 SR 47

Figure 2-40. Total recoverable arsenic compliance ratios for the Clark Fork River
mainstem sites, 2014. Compliance ratio is based on Clark Fork River Operable
Unit Record of Decision performance goal for total recoverable arsenic (TR As)
concentration [USEPA, 2004].  ...uuiiiiiioi it e e e e e s r e e e e e s e s e e e e e e e e e nnnnees 48

Figure 2 -41. Dissolved arsenic compliance ratios for th e Clark Fork River tributary
sites, 2014. Compliance ratio is based on Clark Fork River Operable Unit Record
of Decision performance goal for dissolved arsenic (Diss As) concentration
[USEPA, 2004]. ..ottt st 49

Figure 2-42. Total recoverable arsenic compliance ratios for the Clark Fork River
tributary sites, 2014. Compliance ratio is based on Clark Fork River Operable
Unit Record of Decision performance goal for total recove rable arsenic (TR As)
concentration [USEPA, 2004]. ...t 50

Figure 2 -43. Total recoverable (TR) and dissolved (Diss) cadmium concentrations at
mainstem sampling sites in the Clark Fork River Operable Unit, 2014. Applicable
water quality standards are the aquatic life standards (ALS) and the human
health surface water standard (HHSWS) [MDEQ, 2012b].  .ccoceeeeeiiiiieee e, 53

Figure 2 -44. Total recoverable (TR) and dissolved (Diss) cadmium concentrations at
Clark Fork River tributary sampling sites, 2014. No bars indicate concentrations

XViii



below the analytical report ing limit. Applicable water quality standards are the
aquatic life standards (ALS) and the human health surface water standard
(HHSWS) [MDEQ), 2012D]. iiiiiiee ittt ettt ettt e e st e e s smete e e s emnbe e e e ennneeas 54

Figure 2 -45. Total recoverable cadmium (Cd) compliance ratios for Silver Bow Creek at
Warm Springs site, 2011 -2014. Compliance ratios are based on the chronic and
acute aquatic life standards [MDEQ, 2012D].  ....coiiiiiiiiiiiiiiee et 55

Figure 2 -46. Total recoverable cadmium (Cd) compliance ratios for Clark Fork River
near Galen site, 2010 -2014. Compliance ratios are based on the chronic and acute
aquatic life standards [MDEQ, 2012D].  ...eeeiiiiiiiii et 56

Figure 2 -47. Total recoverable cadmium (Cd) compliance ratios for Clark Fork River at
Deer Lodge site, 2010 -2014. Compliance ratios are based on the chronic and acute
aquatic life standards [MDEQ, 2012D]. ..euiiiiiiieiiiiiiiiieee e e e e e s senree e e e e e e e e ennnes 57

Figure 2 -48. Total recoverable cadmium (Cd) compliance ratios for Clark Fork River at
Turah site, 2010 -2014. Compliance ratios ar e based on the chronic and acute
aquatic life standards [MDEQ, 2012D].  occuuuiiiiieeiiiiiiiiiee e e e e e e e e e s esenreen e e e e e e e e ennnes 58

Figure 2 -49. Total recoverable (TR) cadmium (Cd) compliance ratio in the Clark Fork
River (CFR) mainstem sites, 2014. Compliance ratio is based on the chronic
aquatic life standard (ALS) [MDEQ, 2012D].  eoviiiiiiiee et 59

Figure 2 -50. Total recoverable (TR) cadmium (Cd ) compliance ratio in Clark Fork River
(CFR) tributary sites, 2014. Compliance ratio is based on the chronic aquatic life
standard (ALS) [MDEQ, 2012D].  .ooiiiiiiiiiiiiee ettt 60

Figure 2-51. Total recoverable (TR) and dissolved (Diss) copper concentrations at
mainstem sampling sites in the Clark Fork River Operable Unit, 2014. Applicable
water quality standards are the aquatic life standards (ALS) and the human
health surface water stand ard (HHSWS) [MDEQ, 2012D]. ..cccvveeeiiiiiiieieeee e 63

Figure 2-52. Total recoverable (TR) and dissolved (Diss) copper concentrations at
tributary sampling sites in the Clark Fork River Op erable Unit, 2014. No bars
indicate concentrations below the analytical reporting limit. Applicable water
quality standards are the aquatic life standards (ALS) and the human health
surface water standard (HHSWS) [MDEQ, 2012D].  coieiiiiiiei e 64

Figure 2 -53. Total recoverable copper (Cu) compliance ratios for Silver Bow Creek at
Warm Springs site, 2011 -2014. Compliance ratios are based on the chronic and
acute aquatic life standa rds [MDEQ, 2012D]. ....cooiviiiiiiiiiiii e 65

Figure 2 -54. Total recoverable copper (Cu) compliance ratios for Clark Fork River near
Galen site, 2010-2014. Compliance ratios are based on the chronic and acute
aquatic life standards [MDEQ, 2012D].  .eeiiiiiiiiee e 66

Figure 2 -55. Total recoverable copper (Cu) compliance ratios for Clark Fork River at
Deer Lodge sit e, 2010-2014. Compliance ratios are based on the chronic and acute
aquatic life standards [MDEQ, 2012D].  cuuiiiiiiieii e e e e e e e e e e e e e 67

Figure 2 -56. Total recoverable copper (Cu) compliance r atios for Clark Fork River at
Turah site, 2010 -2014. Compliance ratios are based on the chronic and acute
aquatic life standards [MDEQ, 2012D].  cuuiiiiiiieieiiiiieee e e e e e e e e e e e e e 68

Figure 2 -57. Total recoverable (TR) copper (Cu) compliance ratio in the Clark Fork
River (CFR) mainstem sites, 2014. Compliance ratio is based on the chronic
aquatic life standard (ALS) [MDEQ, 2012D].  ..oooiiiiiiiiieiiee et 69

XiX



Figure 2 -58. Total recoverable (TR) copper (Cu) compliance ratio in Clark Fork River
(CFR) tributary sites, 2014. Compliance ratio is based on the chronic aquatic life
standard (ALS) [MDEQ, 2012D].  ooioiiiieiiiiiee ettt 70

Figure 2-59. Total recoverable (total recoverable) and dissolved (Diss) lead
concentrations at mainstem sampling sites in the Clark Fork River Operable
Unit, 2014. Applicable water quality = standards are the aquatic life standards
(ALS) and the human health surface water standard (HHSWS) [MDEQ, 2012b]. A

Figure 2 -60. Total recoverable (TR) and disso Ived (Diss) lead concentrations at tributary
sampling sites in the Clark Fork River Operable Unit, 2014. No bars indicate
concentrations below the analytical reporting limit. Applicable water quality
standards are the aquatic life standards (ALS) and the h  uman health surface
water standard (HHSWS) [MDEQ, 2012D].  cceviiiiieeieiiiiiieeee e eeriieeeen e e e eneee e e e 74

Figure 2 -61. Total recoverable lead (Pb) compliance ratios for Silver Bow Creek at
Warm Springs site, 2011-2014. Compliance ratios are based on the chronic and
acute aquatic life standards [MDEQ, 2012D].  .iccoiiiiiiiiiiiiee e eee e e 75

Figure 2 -62. Total recoverable lead (Pb) compliance ratio s for Clark Fork River near
Galen site, 2010-2014. Compliance ratios are based on the chronic and acute
aquatic life standards [MDEQ, 2012D].  .ceeeiiiiiiiie et 76

Figure 2 -63. Total recoverable lead (Pb) compliance ratios for Clark Fork River at Deer
Lodge site, 2010-2014. Compliance ratios are based on the chronic and acute
aquatic life standards [MDEQ, 2012D].  .eeeiiiiiiiii et 77

Figure 2 -64. Total recoverable lead (Pb) compliance ratios for Clark Fork River at Turah
site, 2010-2014. Compliance ratios are based on the chronic and acute aquatic life
standards [MDEQ, 2012D]. ..oieoiiiiiiiiiiiiee e e ettt ee e e e e e e stee e e e e e s s e s e e e e e e e s e nnnnnerreeeeeean 78

Figure 2 -65. Total recoverable (TR) lead (Pb) compliance ratio in the Clark Fork River
(CFR) mainstem sites, 2014. Compliance ratio is based on the chronic aquatic life
standard (ALS) [MDEQ, 20 12D]. .icocceeieiiiiee ettt e e ssntre e e s srae e e s s e e e e snnae e e 79

Figure 2 -66. Total recoverable (TR) lead (Pb) compliance ratio in Clark Fork River
(CFR) tributary sites, 2014. Compliance ratio is based on the chronic  aquatic life
standard (ALS) [MDEQ, 2012D].  .oocoiiiiiieiie ettt 80

Figure 2-67. Total recoverable (TR) and dissolved (Diss) zinc concentrations at
mainstem sampling sites in the Clark Fork River Operable Unit, 2014. No bars
indicate concentrations below the analytical reporting limit. Applicable water
quality standards are the aquatic life standards (ALS) and the human health
surface water standard (HHSWS) [MDEQ, 2012D].  cooeiiiiiiieiiiee e 83

Figure 2 -68. Total recoverable (TR) and dissolved (Diss) zinc concentrations at tributary
sampling sites in the Clark Fork River Operable Unit, 2014. No bars indicate
concentrations below the analytical reporting limit. Applicable water quality
standards are the aquatic life standards (ALS) and the human health surface
water standard (HHSWS) [MDEQ, 2012D].  ..cooiiiiiiiii e 84

Figure 2-69. Total recoverable zinc (Zn) complian ce ratios for Silver Bow Creek at
Warm Springs site, 2011 -2014. Compliance ratios are based on the aquatic life
standards [MDEQ), 2012D]. .....ooiiiiiiiieiiie ettt 85

XX



Figure 2 -70. Total recoverable zinc (Zn) compliance ratios for Clark Fork River near
Galen site, 2010 -2014. Compliance ratios are based on the aquatic life standards
[MDEQ), 2012D]. oiiiiiiie ittt ettt ettt ettt ettt ettt e e sttt e e e sbe e e e e enbb e e e e anbe e e e e e nre e e e enrees 86

Figure 2 -71. Total recoverable zinc (Zn) compliance ratios for Clark Fork River at Deer
Lodge site, 2010-2014. Compliance ratios are based on the aquatic life standards
1112 =@ T2 0 2 o | PSPPI 87

Figure 2 -72. Total recoverable zinc (Zn) compliance ratios for Clark Fork River at Turah
site, 2010-2014. Compliance ratios are based on the aquatic life standards
LAY T T2 0 52 o ) SR 88

Figure 2 -73. Total recoverable (TR) zinc (Zn) compliance ratio in the Clark Fork River
(CFR) mainstem sites, 2014. Compliance ratio is based on the chronic and acute
aquatic life standard (ALS) [MDEQ, 2012D].  .ivveiiiiiciiiieiee ettt ee e e e e eseeeee e e e e e 89

Figure 2 -74. Total recoverable (TR) zinc (Zn) compliance ratio in Clark Fork River
(CFR) tributary sites, 2013. Compliance ratio is based on the chronic and acute
aquatic life standard (ALS) [MDEQ, 2012D].  .ooveiiiiiciiiiieeee e eciieeeeee e e e e e e e 90

Figure 2 -75. Total mercury (Hg) concentrations at sampling sites in the Clark Fork
River Operable Unit, 2014. Applica ble water quality standards are the aquatic life
standards (ALS) and the human health surface water standard (HHSWS)
A7 T T2 0 22 o ) S 92

Figure 2-76. Total mercury (Hg) compliance ratios for Flint Creek near mouth site,
2012-2014. Compliance ratios are based on the chronic aquatic life standard and
the human health surface water standard, or the drinking water standard (DW)
LAY T T2 0 52 o ) SRR 93

Figure 2-77. Total mercury (Hg) compliance ratios for Clark Fork River near
Drummond site, 2012 -2014. Compliance ratios are based on the chronic aquatic
life standard and the human health  surface water standard, or the drinking water

standard (DW) [MDEQ, 2012D].  .ooeeriieiiiiiiiieee et e e e e e r e e e e e e e e e e e e e e e e nnnnees 94
Figure 2 -78. Methylmercury concentrations at sampling sites in the Clark Fork River
Operable UNit, 2014, ..ot e e e e s e e e e e e r e e e e e e e aanne 96

Figure 3-1. Instream sediment sampling locations in the Clark Fork River Operable

UNIE, 2004, ettt et h et h e bt nh e h e be e nes 106

Figure 3 -2. Total arsenic concentrations (dry weight) in Clark Fork River mainstem

sedi ment sampl es, 2014. Red |l ines represent
(TEC) and the Opr dabrabkli eo nedf f(ePcEtC)c d nvcaecrD.o.la | d

Figure 3-3. Total arsenic concentrations (dry weight) in Clark Fork River tributary

sediment samples, 2014. Red lines r epresent the o0threshold

t he

et

ef fe

(TEC) and the oOprobable effect concent.l®ti ono

Figure 3 -4. Total cadmium concent rations (dry weight) in Clark Fork River mainstem

sedi ment sampl es, 2014. Red I ines represent

t

(TEC) and the oprobable effect concent.llbti onod

Figure 3 -5. Total cadmium concentrations (dry weight) in Clark Fork River tributary

sedi ment sampl es, 2014. Red I ines represent
(TEC) and the oOoprobtaibdred efRPEC)t [cMac?o.n.allbd

XXi

t

a

t
F

he
( F

he



Figure 3-6. Total copper concentrations (dry weight) in Clark Fork River mainstem
sediment samples, 2014. Red linesrepre sent t he o0t hreshold effect ¢
(TEC) and the oOoOprobable effect concent.d®ti ond (F

Figure 3-7. Total copper concentrations (dry weight) in Clark Fork River tributary

sedi ment sampl es, 2014. Red | ines represent the

(TEC) and the oOoOprobable effect concent.d20ti ond ( F
Figure 3-8. Total lead concentrations (dry weight) in Clark Fork River mainstem

sedi ment sampl es, 2014. Red |l ines represent the

(TEC) and the oprobabl e )dMatDomald etal.p2000)e n..t..128t i on 6 ( F
Figure 3-9. Total lead concentrations (dry weight) in Clark Fork River tributary

sedi ment sampl es, 2014. WRreaelsHdlntk se frfegpate semn c d rhter

(TEC) and the oprobable effect concent.dlzti ond (F
Figure 3-10. Total zinc concentrations (dry weight) in Clark Fork River mainstem

S i ment sampl es, 2014. Red | ines represent the
( C) and the oOoprobable effect concent.dZiti onod (F
1. Total zinc concentrations (dry weight) in Clark Fork River tributary

i ment sampl es, 2014. Red | ines represent the

C) and the oOprobabl e dMatDomaldetal.p2000]e n.t.128t i ondé ( F

Figure 4 -1. Channel cross-sections for geomorphic monitoring in Phase 1 of the Clark
Fork River Operable Unit, 2014, .......ooiiiiiee e e e e e e aaee e e 137

mah mo

e
T

Figure 3-
se

(T

Figure 4 -2. Pools identified in Phase 1 of the Clark Fork River Operable Unit, 2014.  ........ 139

Figure 4 -3. Pool depth in the Clark Fork River Operable Unit, 2014. Pool lengths are
=T o] 01 £0) 0] 14 1= 1 (= RO PEPRROY 141

Figure 4 -4. Streambank treatments and channel monitor ing cross-sections in the Clark
Fork River Operable Unit, 2014, ... e e e e e ee e s 143

Figure 4 -5. Location of nearest USGS streamflow gage (USGS 12323800) to Phase 1
project area in the Clark Fork River Operable Unit, 2014.  ..ccccceeeiiviciiieeeee e 145

Figure 4 -6. Streamflow in the Clark Fork River near the Phase 1 project site during the
spring snowmelt runoff peri  od of 2014 [Source: USGS, 2015Db]. ....cccovvvviivivevireeeiiiinns 146

Figure 4 -7. Inundated area of the Phase 1 floodplain of the Clark Fork River on May 28,
2014. Streamflow in the Clark Fork Ri  ver at Galen (USGS 12323800) during the
survey was 508 cfs compared to a bankfull design streamflow of 522 cfs. ................. 147

Figure 4 -8. Overflow channels which developed in Phase 1 of the Clark Fork River
Operable Unit in 2014 during the spring snowmelt runoff period.  .......ccooceeeeiriinee. 149

Figure 4 -9. View of Overflow Channel 1 inlet on August 20, 2014 (upper panel) and on
May 28, 2014 (lower panel) in Phase 1 of the Clark Fork River Operable Unit.
Mean daily streamflow at the Clark Fork Riv  er at Galen site [USGS, 2015b] was
100 cfs on August 20, 2014 and 508 cfs on May 28, 2014, .......ccccoceeiiieeiiieniiee e 150

Figure 4 -10. View of Overflow Channel 2 inlet (upper panel) and fac ing down the
channel from the inlet (lower panel) in Phase 1 of the Clark Fork River Operable
Unit on August 20, 2014. Mean daily streamflow at the Clark Fork River at Galen
site [USGS, 2015b] was 100 cfs on August 20, 2014. ........ccooiiiiieeeeee e 151

XXii



Figure 4 -11. Views of Overflow Channel 1 facing up the channel from the outlet (upper
panel) and at the outlet (lower panel) in Phase 1 of the Clark Fork River Operable
Unit on August 20, 2 014. Mean daily streamflow at the Clark Fork River at Galen
site [USGS, 2015b] was 100 cfs on August 20, 2014. .........coooiiiieeeeeee e 152

Figure 4 -12. View of Overflow Channel 2 facing up the channel from the outlet (upper
panel) and at the outlet (lower panel) in Phase 1 of the Clark Fork River Operable
Unit on August 20, 2014. Mean daily streamflow at the Clark Fork River at Galen
site [USGS, 2015b] was 100 cfs on August 20, 2014. .........oooociiieeeeeee e 153

Figure 4 -13. Views of designed secondary channel inlet in Phase 1 of the Clark Fork
River Operable Unit on August 20, 2014. Mean daily streamflow at the Clark
Fork River at Galen site [USGS, 2015b] was 100 cfs on August 20, 2014. ................. 155

Figure 4 -14. View of designed secondary channel elevation at inlet in Phase 1 of the
Clark Fork River Operable Unit on August 20, 2014. Mean daily streamflow at
the Clark Fork River at Galen site [USGS, 2015b] was 100 cfs on August 20, 2014. 156

Figure 4-15. View of designed secondary channel where the channel passes through
browse protection fence (upper panel) and after passing through the fence (lower
panel) in Phase 1 of the Clark Fork River Operable Unit on August 20, 2014.
Mean daily streamflow at the Clark Fork River at Galen site [USGS, 2015b] was

100 cfs 0N AUQUSE 20, 2014, ....ooeeeee et e e e e e s e 157
Figure 5 -1. Single vegetated soil lift streambank treatment in Phase 1 of the Clark Fork

RIVEr Operable UNIt. ...t st sbb e e s nneeee s 161
Figure 5-2. Double vegetated soil lift streambank treatment in Phase 1 of the Clark

Fork River Operable UNIt.  ......oooiiii e nanae e 162
Figure 5-3. Brush trench streambank treatment in Phase 1 of the Clark Fork River

10 01T = o] 1= 286 | SRR 163
Figure 5-4. Preserve vegetation streambank treatment in Phase 1 of the Clark Fork

Y= R @] oT=T = 1] = U L o T PR 164

Figure 5 -5. Streambank cover monito ring plot locations for single and double vegetated
soil lift streambank treatments in Phase 1 of the Clark Fork River Operable Unit

[Source: Sacry et al., 2012]. ..ueiiiiiiieee e 164
Figure 5-6. As-built streambank treatments at the south end of Phase 1 of the Clark

Fork River Operable Unit, 2014 [Source: Sacry et al., 2014].  ....ccccoveieeeee e, 170
Figure 5-7. As-built streambank treatments at the north end of Phase 1 of the Clark

Fork River Operable Unit, 2014 [Source: Sacry et al., 2014].  .....cccoveieeeee e, 171

Figure 5 -8. Cover (%) of woody vegetation in two types of vegetated soil lift treatments
in Phase 1 of Reach A of the Clark Fork River Operable Unit, 2014. Red triangles
represent the group means. For reference, dashed line represents Year 5
performance target; however, monitori ng in 2014 represents Year 1 conditions. ...... 173

Figure 5-9. Example double vegetated soil lift streambank treatments with relatively
low (2%; upper panel) and relati vely high (40%; lower panel) woody canopy cover
in Phase 1 of Reach A of the Clark Fork River Operable Unit, 2014.  .........cccceeevnnen. 174

Figure 5 -10. Example brush trench streamban k treatment in Phase 1 of Reach A of the
Clark Fork River Operable Unit, 2014,  ....oooiiiiee e e e 175

XXiii



Figure 5 -11. Floodplain plant survival monitoring plots in the northern half of Phase 1
of Reach A of the Clark Fork River Operable Unit, 2014.  ......ccooiiieeiiiieeeeee e

Figure 5 -12. Floodplain plant survival monitoring plots in the southern half of Phase 1
of Reach A of the Clark Fork River Operable Unit, 2014. ...

Figure 5-13. Inundated floodplain plant survival monitoring plot (S-116) in floodplain
riparian shrub planting unit in Phase 1 of Reach A of the Clark Fork River
Operable Unit, AUQUSE 2014,  ....ooiiiiieee et e e r e e e s e e e e e e e e e e nnnnees

Figure 6 -1. Total percent abundance and probability of impairment for diatom sediment
increaser taxa bioassessment index [Teply, 2010a] at Clark Fork River Operable
UNIE SILES IN 2014 ..ottt e s b e e s s b e e e e nb e e e e e e nnees

Figure 6 -2. Total percent abundance and probability of impairment for diatom metals
increaser taxa bioassessment index [Teply and Bahls, 2005] at  Clark Fork River
Operable Unit SiteS 1N 2014, .....oiiiiiiiiee et st e e e enees

Figure 6 -3. Total percent abundance and probability of impairment for diatom nutrient
increaser taxa bioassessment index [Teply and Bahls, 2005] at Clark Fork River
Operable Unit SiteS 1N 2014, .....uiiiiiiiiie ettt e e e snree e e enees

Figure 6-4. Variation in diatom trophic state tolerance among Clark Fork River
Operable Unit monitoring sites, 2014; percent abundance of taxa tolerant to
inorganic nutrients (after Van  Dam et al., 1994). .......cccooviiiiieiee e

Figure 6 -5. Variation in diatom nitrogen metabolism among Clark Fork River Operable
Unit monitoring sites, 2014; percent abundance of taxa tolerant of organic
nitrogen (after Van Dam et al., 1994). ..o

Figure 6 -6. Variation in diatom oxygen demand among Clark Fork River Operable Unit
monitoring  sites, 2014; percent abundance of taxa intolerant to elevated
biochemical oxygen demand (BOD) and hypoxia (after Van Dam et al., 1994). .........

Figure 7 -1. Variability among replicates: mean scores, maximum and minimum scores,
and 95% confidence intervals for Mc Gu i
River basin, AUQUST 7 -8, 2014, ...t

Figure 7 -2. Variability among replicates: mean scores, maximum and minimum scores,
and 95% confidence intervals for McGui
Fork River basin, AUgUSE 7 -8, 2014 .......oooiiiiee et

Figure 7 -3. Variability among replicates: mean scores, maximum and minimum scores,

and 95% confidence interval s for Mc Gu i

subset. Clark Fork River basin, August = 7-8, 2014. ......ccoeeiiiiiiiiieeie e
Figure 8 -1. Dimensions of the cages constructed for the study. ........ccccovviiiiiiiiiie s

Figure 8-2. Distribution of the twelve study sites in the Upper Clark Fork River
drainage. Tributary control sites are shown in bold and the handling control is
0] gTo L= o [T T=T o OO U TR POPR

Figure 8 -3. Representation of cage deployment (arrangement of cages differed by site,
and cages often drifted tOgetNEr). ...

Figure 8-4. Clark Fork River Brown Trout population estimates from 2008 -2014 by
sample reach. Sample reaches are displayed downstream to upstream, left to
right then top to bottom. Please note that x -axis and y-axis values are not the
same for every Sample rEACK. ........oovi i

XXiV

197

198

199

203

reds

222

236

242

reds

oOver e



Figure 8 -5. Average Brown Trout population estimates and 95% confidence intervals for
the six monitoring sections in the upper Clark Fork River by river mile. All years
of available estimates were averaged for each section. Number of years with
estimates varied among (see Figure 8 -4 for years averaged for each). Station
abbreviations are Bearmouth (BM), Flint Creek Mouth (FCM), Phosphate (PE),
Williams -Tavenner (W-T), Below Sager Lane (BSL), pH Shack (pHS). ......ccccceieeene 243

Figure 8 -6. Total mortalities between cages one and two combined (gray bars) and
maximum daily water temperatur e (black line) for 2014 in Silver Bow Creek at
the Pond 2 outlet site. The solid red line indicates the upper critical temperature
threshold and the dashed red line represents the upper incipient lethal
temperature for BrOWN TrOUL.  ...ooiiiiiiiie ettt e e s snee e e 254

Figure 8 -7. Total mortalities between cages one and two combined (gray bars) and
maximum daily water temperature (black line), and mean daily discharge (blue
line) for 2014 in Silver Bow Creek, Warm Springs, MT. The solid red line
indicates the upper critical temperature threshold and the dashed red line
represents the upper incipient lethal temperature for Brown Trout. ..., 254

Figure 8-8. Total mortalities between cages one and two combined (gray bars),
maximum daily water temperature (black line), and mean daily discharge (blue
line) for 2014 in Warm Springs Creek at Warm Springs, MT. The solid re d line
indicates the upper critical temperature threshold and the dashed red line
represents the upper incipient lethal temperature for Brown Trout. ..., 255

Figure 8-9. Total mortalities between cages one and two combined (gray bars),
maximum daily water temperature (black line), and mean daily discharge (blue
line) for 2014 in the Clark Fork River at the Perkins Lane site. The solid red line
indicates the upper critic al temperature threshold and the dashed red line
represents the upper incipient lethal temperature for Brown Trout. ..., 255

Figure 8-10. Total mortalities between cage s one and two combined (gray bars),
maximum daily water temperature (black line) in the Clark Fork River at the
Galen site. The solid red line indicates the upper critical temperature threshold
and the dashed red line represents the upper incipient lethal temperature for
T 7011,V I I8 e 11 | SRR 256

Figure 8-11. Total mortalities between cages one and two combined (gray bars),
maximum daily water temperature (black line) in th e Clark Fork River at the
Racetrack site. The solid red line indicates the upper critical temperature
threshold and the dashed red line represents the upper incipient lethal
temperature for BrOWN TrOUL  ..eooiiiiiiiie ettt e e e e sneee e e s snnee e e enees 256

Figure 8-12. Total mortalities between cages one and two combined (gray bars),
maximum daily water temperature (black line), and mean daily discharge (blue
line) for 2014 in the Clark Fork River at the Deer Lodg e site. The solid red line
indicates the upper critical temperature threshold and the dashed red line
represents the upper incipient lethal temperature for Brown Trout.  .....cccooceieeeineen. 257

Figure 8-13. Total mortalities between cages one and two combined (gray bars),
maximum daily water temperature (black line), and mean daily discharge (blue
line) for 2014 in the Clark Fork Ri  ver at the site upstream of the Little Blackfoot
River. The solid red line indicates the upper critical temperature threshold and
the dashed red line represents the upper incipient lethal temperature for Brown
1L 10 ST PP UPPPPPRPRP 257

XXV



Figure 8-14. Total mortalities between cages one and two combined (gray bars),
maximum daily water temperature (black line), and mean daily discharge (blue
line) for 2014 at the tributary site in Lit  tle Blackfoot River. The solid red line
indicates the upper critical temperature threshold and the dashed red line
represents the upper incipient lethal temperature for Brown Trout.  ....ccoooviiiiiieeenn. 258

Figure 8-15. Total mortalities between cages one and two combined (gray bars),
maximum daily water temperature (black line), and mean daily discharge (blue

line) for 2014 at the tributary site in Flint Creek. The solid red line indic ates the
upper critical temperature threshold and the dashed red line represents the upper
incipient lethal temperature for Brown TroUL.  ..euviiiiei i 258

Figure 8 -16. Total mo rtalities between cages one and two combined (gray bars) and
maximum daily water temperature (black line) and mean daily discharge (blue
line) for 2014 in the Clark Fork River at the Bearmouth site. The solid red line
indicates the upper critical temperatu re threshold and the dashed red line
represents the upper incipient lethal temperature for Brown Trout.  ......ccooviiiieeenn. 259

Figure 8 -17. Total mortalities between cages one and tw o combined (gray bars) and
maximum daily water temperature (black line) for 2014 at the control site in the
spring channel near Clinton, Montana. The solid red line indicates the upper
critical temperature threshold and the dashed red line represents the u pper
incipient lethal temperature for Brown TroUt. ..o 259

Figure 8-18. Cumulative brown trout survival from April 14th to July 31st, 2014.
Tributary sites are shown in bold and the handling control is underlined. Red dots
denote sites with survival that was significantly lower than the average of the two
tributary control sites. No sites had significantly higher survival than control
SIEES TN 2014, e e b e e s b e e e e s r e e e e anr e e e e ennes 261

Figure 8 -19. Mean change in length (a) and mean relative weight (b) by site for live fish
at the end of the 2014 caged fish study. Error bars are 95% confidence intervals. ....263

Figure 8 -20. Mean relative weight (Wr) for live (white bars) and dead (grey bars) fish by
site and month for the 2014 caged fish study. Error bars are 95%  confidence
) (=] V7= 1L TSR ROPP 264

Figure 8 -21. Observed mean final weight of live fish versus weights predicted by the
temperature based model of Elliot et al. [1995] for  twelve caged fish sites in the
Upper Clark Fork River drainage, 2014. Site abbreviations are Pond 2 (P2), Silver
Bow (SB), Warm Springs (WS), Perkins Lane (PL), Galen (GN), Racetrack (RT),

Deer Lodge (DL), Upstream of the Little Blackfoot (UL), Little Blac kfoot (LB),
Flint Creek (FC), Bearmouth (BM), and Clinton Spring (CS). The red line
rEPresents the L:1 INE. ..o e e e e e e e e e e e e e e nnn e e eees 265

Figure 8 -22. Mean whole body concentrations of co pper (a) and zinc (b) at twelve study
sites in the 2014 Upper Clark Fork River Drainage caged fish study. Error bars
are 95% confidencCe INEIVAIS. .......oooooiiiiiiiiiiieee e e 267

Figure 8 -23. Mean whole body copper (left panels) and zinc (right panels) tissue burdens
for the Pond 2, Silver Bow, and Warm Springs caged fish sites in the Upper Clark
Fork River Drainage. Error bars are 95% confidence intervals.  .......cccocceevvciee e, 270

Figure 8 -24. Mean whole body copper (left panels) and zinc (right panels) tissue burdens
for the Perkins Lane, Silver Galen, and Racetrack caged fish sites in the Upper
Clark Fork River Drainag e. Error bars are 95% confidence intervals. ....................... 271

XXVi



Figure 8 -25. Mean whole body copper (left panels) and zinc (right panels) tissue burdens
for the Deer Lodge, Upstre am Lil Black, and Lil Black caged fish sites in the
Upper Clark Fork River Drainage. Error bars are 95% confidence intervals.  ............ 272

Figure 8 -26. Mean whole body copper (left panels) and zinc (right panels) tissue burdens
for the Flint, Bearmouth, and Spring caged fish sites in the Upper Clark Fork
River Drainage. Error bars are 95% confidence intervals. ..., 273

Figure 8-27. Comparisons between copper and zinc tissue burdens in Brown Trout
collected immediately from the hatchery, from cages in tributary sites, and cages
in mainstem sites. Error bars are 95% confidence intervals.  ...........cccovieee e, 275

Figure 8 -28. Comparisons between tissue metals burdens of fish from tributary (white
bars) and mainstem (grey bars) sites. Error bars are 95 % confidence intervals ....... 276

Figure 8 -29. Comparisons between tissue metals burdens of fish from sites upstream of
construction and downstream of construction. Error bars are 95 % confidence
(=T Y72 1L SO 277

Figure 8-30. Annual mean whole body Brown Trout copper tissue burdens for fish
collected at the end of the season from fish cages at ma instem sites in the Upper
Clark Fork River Basin, 2011 -2014. Location of fish cage sites was dependent on
the year; not all sites were sampled each year. Error bars are 95% confidence
intervals. Fish samples were combined into composites for tissue burden  analysis
in 2011 and 2012, so error bars are not available for those years. In 2013 and
2014, individual fish were submitted for tissue burden analysis.  ......cccocvciiiiiienenee 278

Figur e 8-31. Annual mean whole body Brown Trout copper tissue burdens for fish
collected at the end of the season from fish cages in tributary sites in the Upper
Clark Fork River Basin, 2011 -2014. Location of fish cage sites was dependent on
the year; not all s ites were sampled each year. Error bars are 95% confidence
intervals. Fish samples were combined into composites for tissue burden analysis
in 2011 and 2012, so error bars are not available for those years. In 2013 and
2014, individual fish were submitted  for tissue burden analysis. .........ccccccviiieennee 279

Figure 8-32. Annual mean whole body Brown Trout zinc tissue burdens for fish
collected at the end of the season from fish cages at mainstem sites in the Upper
Clark Fork River Basin, 2011 -2014. Location of fish cage sites was dependent on
the year; not all sites were sampled each year. Error bars are 95% confidence
intervals. Fish samples were combined into composites for tissue burde n analysis
in 2011 and 2012, so error bars are not available for those years. In 2013 and
2014, individual fish were submitted for tissue burden analysis.  ......cccociiiiiienee 280

Figure 8-33. Annual mean whole body Brown Trout zinc tissue burdens for fish
collected at the end of the season from fish cages at tributary sites in the Upper
Clark Fork River Basin, 2011 -2014. Location of fish cage sites was dependent on
the year; not all s ites were sampled each year. Error bars are 95% confidence
intervals. Fish samples were combined into composites for tissue burden analysis
in 2011 and 2012, so error bars are not available for those years. In 2013 and
2014, individual fish were submitted for tissue burden analysis. .........ccccccceeeeerinnneee. 281

Figure 8-34. Acute (blue dots) and chronic (red dots) compliance ratios for total
recoverable arsenic at the 2014 caged fish sites. Compliance ratios were
calculated by dividing the measured arsenic concentration by the Aquatic Life
Standard value [MDEQ, 2012b]. Water samples collected by MFWP are depicted
by the open dots and samples collected by RESPEC are depicted with solid dots.

XXVii



Compliance ratio values <1 indicate arsenic levels below the aquatic life standard
while values >1 indicate levels above the standard. ..........cccccoeeiiiiiii e, 284

Figure 8-35. Acute (blue dots) and chronic (red dots) compliance ratios for total
recoverable cadmium at the 2014 caged fish sites. Compliance ratios were
calculated by dividing the measured cadmium concentration by the Aquatic Life
Standard value [MDEQ, 2012b]. Water samples co llected by MFWP are depicted
by the open dots and samples collected by RESPEC are depicted with solid dots.
Compliance ratio values <1 indicate cadmium levels below the aquatic life
standard while values >1 indicate levels above the standard. ..........cccocociiniiiinnnne. 285

Figure 8-36. Acute (blue dots) and chronic (red dots) compliance ratios for total
recoverable copper at the 2014 caged fish sites. Compliance ratios were calculated
by dividing the measured c opper concentration by the Aquatic Life Standard
value [MDEQ, 2012b]. Water samples collected by MFWP are depicted by the
open dots and samples collected by RESPEC are depicted with solid dots.
Compliance ratio values <1 indicate copper levels below the aq uatic life standard
while values >1 indicate levels above the standard. .........ccccciiiiiii e 286

Figure 8-37. Acute (blue dots) and chronic (red dots) compliance ratios for total
recoverable lead at the 2014 caged fish sites. Compliance ratios were calculated
by dividing the measured lead concentration by the Aquatic Life Standard value
[MDEQ, 2012b]. Water samples collected by MFWP are depicted by the open dots
and samples collected by RESPEC are depicted with solid dots. Compliance ratio
values <1 indicate lead levels below the aquatic life standard while values >1
indicate levels above the standard. ..o 287

Figure 8 -38. Compliance ratios for total recoverable zinc at the 2014 caged fish sites.
Compliance ratios were calculated by dividing the measured zinc concentration by
the Aquatic Life Standard value [MDEQ, 2012b]. The acute and chronic
standar ds for zinc are identical. Water samples collected by MFWP are depicted
by the open dots and samples collected by RESPEC are depicted with solid dots.
Compliance ratio values <1 indicate zinc levels below the aquatic life standard
while values >1 indicate levels above the standard. ..........ccccccoviiiiiiiiiii e 288

Figure 8-39. Mean daily water pH at sites with probes deployed in 2014. Lines
represent Hydrolab data and circles represent handhel d multiprobe data. ............... 290

Figure 8-40. Mean daily specific conductivity at sites with probes deployed in 2014.
Lines represent Hydrolab data and circles represent ha ndheld multiprobe data. ..... 291

Figure 8 -41. Mean daily luminescent dissolved oxygen at sites with probes deployed in
2014. Lines represent Hydrolab data and circles r epresent handheld multiprobe
data. The red dashed horizontal line denotes the freshwater ALS one day
01T T 410 o PR ROPP 291

XXViii



1.0 INTRODUCTION

The Record of Decision (ROD) for the Clark Fork River Operable Unit (CFROU) identified a
120-mile section of the Clark Fork River as a distinct Superfund operable unit [USEPA, 2004]
The CFROU extends from the Silver Bow Creek and Warm Spring s Creek confluence to the
former Milltown Reservoir site at the Clark Fork River and Blackfoot River confluence [ Figure
1-1]. Historic mining, milling,  and smelting activities in Butte and Anaconda resulted in heavy
metal (cadmium, copper, lead, and zinc) and arsenic contamination in  the floodplain soils and
stream banks of the CFROU [Bartkowiak et al., 2011] . Sources of metal contaminants of concern

(COCs) in the CFROU are tailings mixed with soil within the historic 100 -year floodplain
(primary source), contaminated surface water and shallow groundwater, contaminated instream
sediments, and contaminants in irrigation ditches adjacent to the CFROU [USEPA, 2004]. In

2008, a consent decree was negotiated between the state of Montana, the U.S. Government, and
the Atlantic Richfield Company for cleanup of the CFROU [Montana v. AR, 2008; U.S.A. v. AR,
2008]. The consent decree established that the state of Mont ana, through the Montana
Department of Environmental Quality (MDEQ), would serve as lead agency to develop and
implement the remedial design, remedial action, and operation and maintenance of the remedy
for the CFROU [Montana v. AR, 2008; U.S.A. v. AR, 200 8].

Remediation in the CFROU began in 2011 with the removal of approximately 10,000 cubic
yards of contaminated soils in the o0Trestl e
[Bartkowiak et al., 2012] . Remediation activities were conducted in Phase 1 of Re ach A [Figure
1-2] throughout 2013 and the cleanup was mostly completed by the end of the year [Bartkowiak
et al., 2013]. Approximately 330,000 cubic yards of contaminated materials were removed from
the flood plain and streambanks of Phase 1 (1.6 river miles) and approximately 189,000 cubic
yards of clean soil and vegetative material were used to reconstruct and reveg etate the
floodplain and stream banks [Bartkowiak et al., 2013] . In 2014, remediation began in P hases 5
and 6 of Reach A [Figure 1-2]. According to the remedial design for Phases 5 and 6 (4.5 river
miles), 533,000 cubic yards of contaminated material will be rem  oved, 244,00 cubic yards of
clean fill material will be imported for reconstruction, and remediation will last until fall of
2015 [Bartkowiak et al., 2014] . In 2014, preliminary design plans were also underway for
remediation of Phases 2, 7, 15, and 16 [MD EQ, 2014a].

Specific remediation standards were establish end in the CFROU ROD for surface water,
groundwater, and vegetation but not for other environmental media [USEPA, 2004]. In lieu of
specific standards, reference values have been adopted by MDEQ for instream sediment,
geomorphology, periphyton, macroinvertebrates , and fish. The MDEQ has established this
monitoring program to assess the effectiveness of contaminant removal from remediation on
attainment of remediation standards or reference values. Data is collected to describe abiotic
(surface water, instream sediment, river geomorphology) and biotic (terrestrial vegetation,
periphyton, aquatic macroinvertebrate, and fish) conditions in the CFROU to evaluate if
remediation standards or reference values are met and evaluate if conditions are improving
over time . Data collected in 2014 represents the fifth year of data collected for this monitoring
program , which began in 2010 .

Areabd



&,
&4
Q
=
;
G {
'\,
- )
m
>
o)
L o
@
k! POWELL ‘
3 mmond l
MILLTOWN
RESERVOIR
OPERABLE UNIT 2
>
o)
i o
>

SILVER BOW

Vi CREEK/BUTTE

W Credh N v‘ AREA NPL SITE
/ B “-,._ YY) ) —

Apormmete el 1 Wies \ \13)

0 5 W 15 | _SILVE BOW

Figure 1-1. Remedial reache s of the Clark Fork River Operable Unit [ Source : USEPA,
2004].




Upper Clark Fork
River Reach A
®
——— Phase Bresks
N -l- Rever Miles
I e
¢ 1 2 3 4
Y2
8
£
(4
.; g
oy o,
e \
BN
s'\
A N
"\
westenaso 7
orerwr ap
POWELL COUNTY
DEER LODGE COUNTY

5 Y/
8

Warm Springs ; \

1-2. Remedial phases of Reach A in the Clark Fork River Operable Unit

Figure
[Source : Bartkowiak et al., 2011].



2.0 SURFACE WATER

2.1 INTRODUCTION

Performance goal s were establish end in the CFROU ROD for surface water [USEPA, 2004].
The goal for surface water quality is for concentrations of all metal contaminants of concern
(COCs) to be below the concentrations identified in the CFROU ROD [Table 2-1]. The remedy
for the Clark Fork River is expected to achieve th ese goalsthrough the removal of contaminated
fl oodpl ain soi |l msitgi(i.e.eon site) remtmeéncok floadglain)sqils with relatively
low COC concentrations, and streambank stabilization . Additional removals of contaminated
floodplain materials, proposed as part of remediation, may reduce arsenic concentrations as
well. When the remediation activities are completed, surface water quality in the Clark Fork
River is expected to fully support the growth and propagation of coldwater fishes (e.g.,
salmonids) and associated aquatic life . Surface waters will be monitored at specific locations
along the Clark Fork River . Performance goals must be met at each location in order for the
remedial actions to be considered successful .

This report evaluates progress toward attainment of surface water performance goals as
defined in the CFROU ROD [ Table 2-1]. Water chemistry data were collected in 2014 to
evaluate COC concentrations in order to make direct comparisons to relevant performance
standards . In addition to COC concentrations, data are collected to describe other water quality
characteristics which influence the toxicity of metal contaminants or otherwise influence the
ecology of the Clark Fork River . Other water quality characteristics described include total
suspended sediments, common ion, and nutrient concentrations and other  physical properties of
water (e.g., acidity).



Table 2-1. Remediation performance goal s for surface water in the Clark Fork River
Operable Unit  [USEPA , 2004].

Performance Standard
Contaminant of Aquatic Life Standard 1 Human Health or
Concern . Drinking Water
Chronic  (ug/L) Acute (ug/L) Standard (ug/L)
Arsenic 150 340 10/182
Cadmium 0.25 2 5
Copper3 9 13 1,300
Lead 3.2 81 15
Zinc 119 119 2,000

2.2 METHODS

The purpose of the surface water monitoring program is to collect data describing the
temporal and spatial variation of metal and nutrient concentrations, and other physical
properties of surface water in the CFROU. These data provide a long -term record of
environmental conditions in the CFROU. As of 2014, five years of CFROU surface water data
(2010-2014) have been collected under this monitoring program . This long -term record provides
a dataset to evaluate the effect of remediation on environmental condit ions in the CFROU over
time . Changes to the surface water monitoring program have occurred over time and a record of
these changes is provided in the project sampling and analysis plan (SAP) [Naughton et al.,
2014].

2.2.1 Monitoring Locations

Surface water was monitored at 14 CFROU sites in 2014 [ Figure 2-1]. The monitoring
network included six sites in the Clark Fork River mainstem and eight sites in tributary
streams [ Table 2-2]. The monitoring site locations in 2014 were the same as the monitoring site
locations in 2013 . However, monitoring sites changed between 2012 and 2013 to pr ovide a more
detailed spatial representation of the Clark Fork River mainstem in Reach A [Figure 2-1].
Additionally, some sites were removed from the monitoring netwo rk to avoid duplication of
water quality sampling efforts by the U .S. Geological Survey (USGS).

1 The aquatic life standards for cadmium, copper, lead, and zinc vary in relation to water hardness. The values
displayed in this table correspond to a water hardness of 100 mg/L.

2The performance standard includes both the federal ma x i mum
concentration) and the state of Montanast andard (18 T1Tg/L; total recoverabl e conc:¢

3 Based on the federal ambient water quality criteria (USEPA 1986; dissolved concentration).



2.2.1.1 Clark Fork River Mainstem

Each of the mainstem sample site locations were selected for a specific monitoring objective
The four mainstem Clark Fork River moni toring sites in Reach A (CFR -03A, CFR-07D, CFR-
11F, CFR-27H) were included to provide a detailed spatial representation of conditions in Reach
A [Figure 2-1]. The Reach C site (CFR-116A) represents conditions in Reach C at the
downstream end of the Clark Fork River in the CFROU [Figure 2-1]. Currently, no remedial
actions are planned for Reach C . One mainstem site is located downstream from the Flint Creek
tributary (CFR -84F) [Figure 2-1]. Site CFR-84F is intended to assess the influence of Flint
Creek inflows, which typically has elevated mercury concentrations [Langer et al., 2012;
Ingman et al., 2014] on water quality in the mainstem.

2.2.1.2 Tributaries

Tributary site locations were selected to assess the significance of COC or nutrient loading
from sources outside the CFROU . Each tributary has one sample site located near the tributary
confluence with the Clark Fork River, with the exception of Mill -Willow Creek, which has two
sites [Figure 2-1].

2.2.1.2.1 Mill-Willow Creek

Mill -Willow Creek is a tributary to Silver Bow Creek and flows into Silver Bow Creek
immediately downstream from the Warm Springs Pond outfall  [Figure 2-1]. The Warm Springs
Pond system captures the Silver Bow Creek streamflow and routes the water through a lime
treatment facility and a series of tailings ponds designed to precipitate heavy met als [see:
www.cfrtac.org ]. Historically, Mill and Willow Creeks conflucenced with Silver Bow Creek
upstream from the Warm Springs Ponds. However, because contaminant levels in Mill and
Willow Creeks were low relative to Silver Bow Creek, streamflows from Mill and Willow Creek
were routed around the Warm Springs Pond system through a designed channel commonly
referredtoasthe oO-Wi | | ow By p as-4Vilaw BYpase wabliernddiated between 1990
and 1995 to remove tailings and contaminated soils along the stream channel and floodplain
and to reduce toxic discharges to Silver Bow Creek and the upper Clark F  ork River [see:
www.cfrtac.org ].

Two sample sites are located in Mill -Willow Creek: MCWC -MWB and MWB -SBC [Figure
2-1]. MCWC-MWB is located at the upstream end of the Mill -Willow Bypass to demonstrate
background water quality conditions in Mill ~ -Willow Creek. MWB -SBC is located near the Silver
Bow Creek confluence. Increases in contaminant concentrations between MCWC -MWB and
MWB -SBC suggest that contaminant loading is occurring in the Mill -Willow Bypass reach of
Mill -Willow Creek.

2.2.1.2.2 Warm Springs Creek

The Clark Fork River mainstem begins at the confluence of  Silver Bow Creek and Warm
Springs Creek [Figure 2-1]. Warm Springs Creek is a major tributary to the Clark Fork River in
Reach A. Warm Springs Creek typically has re latively low nutrient concentrations and
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relatively cool streamflows. Water chemistry in Warm Springs Creek is monitored at site WSC -
SBC [Figure 2-1].

2.2.1.2.3 Silver Bow Creek

The Silver Bow Creek sample site (SS -25), located immediately upstream from the Silver
Bow Creek and Warm Springs Creek confluence, monitors water chemistry in Silver Bow Creek
immediately downstream from the Warm Springs Ponds discharge and the Mill -Wil low Bypass
confluence [Figure 2-1].

2.2.1.2.4 Lost Creek and Racetrack Creek

Lost Creek and Racetrack Creek originate in the Flint Creek Range on the west side of the
Deer Lodge valley [Figure 2-1]. Major portions of both watersheds are used for cattle grazing
and agriculture and streamflows are heavily diverted for irrigation. Surface water monitoring in
Lost Creek and Racetrack Creek was discontinued in 2013 because these tributaries had
relatively low COC concentrations [Ingman et al., 2013]. Water chemistry in Lost Creek is
monitored by the USGS [Dodge et al., 2014]. Instream sediments and  biological monitoring were
conducted at these sites in 2014. Monitoring in Lost Creek occurs at LC  -7.5 and in Racetrack
Creek at RTC -1.5 [Figure 2-1].

2.2.1.2.5 Little Blackfoot River

The Little Blackfoot River is a major tributary to the Clark Fork River. The Little Blackfoot
River and Clark Fork River confluence is located at the boundary between CFROU Reach A and
Reach B [Figure 2-1]. Water quality and quantity in the Little Blackfoot River may be
influenced by a variety of land uses including agriculture an  d irrigation in lower portions of the
wat ershed and abandoned mining in headwater portion
Office, 1959; Lyden, 1987 ; Ingman, 200 2; MDEQ and USEPA , 2011; 2014q].

Water chemistry, instream sediment and aquatic biota in the Little Blackfoot River are
monitored in the Little Blackfoot River. For the first three sample periods of 2014, water quality
in the Little Blackfoot River was monitored at site LBR -CFR [Figure 2-1]. However, the site was
moved upstream approximately four miles for the last three sample periods of 2014 to minimize
safety hazards from road traffic during high streamflow periods when sampling from the road
bridge at L BR-CFR is necessary [Table 2-2].

2.2.1.2.6 Flint Creek

Flint Creek enters the Clark Fork River near the boundary between Reach B and Reach C
[Figure 2-1]. Flint Creek is a major source of mercury to the Clark Fork River [Langer et al.,
2012; Ingman et al., 2014]. Site FC -CFR monitors water chemistry in Flint Creek [Figure 2-1].
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Table 2-2. Surface water sampling locations in the Clark Fork River Operable Unit,
2014. Streamflows were measured at all sites which did not a have co -located USGS
streamflow gauge.

Co-located Location (GPS
Site ID Site Location Strei?n?liw coordinates, NAD 83)
Gauge
Latitude Longitude
Mainstem Sites
CFR-03A Clark Fork River near Galen 12323800 46.20877 -112.76740
CFR-07D Clark Fork River at Galen Road none 46.23725 -112.75302
CFR-11F Clark Fork River at Gem back Road none 46.26520 -112.74430
CFR-27H Clark Fork River at Deer Lodge 12324200 46.39796 -112.74283
CFR-84F Clark Fork River near Drummond 12331800 46.71204 -113.33137
CFR-116A Clark Fork River at Turah 12334550 46.82646 -113.81424
Tributary Sites
SS-25 Silver Bow Creek at Warms Springs 12323750 46.18123 -112.77917
MCWC-MWB Mill -Willow Creek at Frontage Road none 46.12649 -112.79876
MWB -SBC Mill -Willow Bypass near mouth none 46.17839 -112.78270
WSC-SBC Warms Springs Creek near mouth 12323770 46.18041 -112.78592
LC-7.54 Lost Creek near mouth 12323850 46.21862 -112.77384
RTC-1.5% Racetrack Creek near mouth none 46.28395 -112.74921
LBR-CFRS® Little Blackfoot River near Garrison 12324590 46.51964 -112.79312
FC-CFR Flint Creek near mouth 12331500 46.62891 -113.15151

2.2.2 Monitoring Schedule

At least one monitoring event occurred during each calendar quarter of 2014 . Each quarterly
monitoring event occurred near the end of each quarter . The first monitoring event (Q1)
occurred in the late winter , prior to spring runoff , from March 18 -19. Three monitoring events
were conducted in the second quarter ( Q2) to capture the rising (Q2 -Rising), peak (Q2 -Peak),
and falling (Q2 -Falling) portions of the spring runoff hydrograph . The Q2 monitoring events
were conducted on May 13 -14 (Q2-Rising), June 10 -11 (Q2-Peak), and June 24 -25 (Q2-Falling) .

41n 2013, LC -7 (GPS Location: 46.22665, -112.76017) was replaced LC-7.5. Site LC-7 was replaced because it
appeared to be located within the Clark Fork River floodplain.

5 In 2013, RTC -1 (GPS Location: 46.28406, -112.74484) was replaced by RTC-1.5. Site RTC-1 was replaced
because IT appeared to be located within the Clark Fork River floodplain.

6 Site LBR -CFR was replaced by site LBR-CFR-02 (GPS Location: 46.53710, -112.72443) on June 24, 2014.




The late summer (Q3) monitoring event w as scheduled during | ow streamflow conditions on
September 16-17. The late fall (Q4) monitoring event  occurred on December 1-2.

2.2.3 Monitoring Parameters

Surface water samples w ere analyzed for the parameters and analytes listed in  Table 2-3.
Parameters and analytes were the same at all sites with the exception of FC -CFR and CFR -83F.
At site FC -CFR, mercury and methylmercury concentrations w ere analyzed in addition to all
other analytes . At site CFR -84F, a surface water sample w as collected but only analyzed for
mercury and methylmercury concentrations

Eight of the 14 monitoring stations in the  MDEQ Clark Fork River monitoring network were
co-located with active USGS streamflow gauging stations [Table 2-2]. USGS streamflow records
were accessed and included in this report . Streamflows at monitoring stations without co -
located USGS gauges were measured manually .

Table 2-3. Sampling parameters and analytes for surface water monitoring of the
Clar k Fork River Opera  ble Unit, 2014

Parameter Analytes
Metal concentrations (total Arsenic, cadmium, copper, lead, zinc, mercury,
recoverable and dissolved) 7 methylmercury

Nitrogen (total nitrogen, nitrate plus nitrite, ammonia),

Nutrient concentrations phosphorus (total) , and carbon (dissolved organic ; DOC)

Common ion concentrations (total) Sulfate, alkalinity, bicarbonate
Total suspended sediment (TSS) concentration, hardness,
Field parameters water temperature, pH, specific conductivity, dissolved

oxygen (DO) concentrations, turbidity

2.2.4 Sample Collection and Analysis

Sample collection, analysis, and quality assurance procedures were described in the quality

assurance project plan [DeArment et al., 2013]. Methods generally followed standard operating

procedures (SOPs) developed for the Clark Fork River [AR, 1992]. Field sampling procedures

were in accordance with MDEQ [2012al]and f ol |l owed oO0cl ean hand®/ dirty
minimize sample contamination as described in USGS [2006]8. Composited surface water

samples were collected using width -depth integration accordi ng to methods described in USGS

[2006]. When streamflows were high and samples could not be collected by wading, samples

were collected with the aid of a crane mounted D -95 sampler operated from road bridges . Field

parameters (water temperature, pH, dissol ved oxygen concentration, and conductivity) were

7 At CFR -84F, no nutrient or metal concentrations were be measured except mercury and methylmercury. At
FC-CFR, mercury and methylmercury were measured in additionto a |l other analytes.

8 We deviated from the USGS [2006] protocols to minimize sample contamination (Section 4.0.2) in two regards.
First, we did not collect samples sequentially in the order of least to greatest potential for contamination.
Second, samples were processed outside the sampling vehicles, rather than within an enclosed space.
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measured during each monitoring event with a field multimeter (YSI Professional Plus)
Turbidity was measured with a field turbidity meter (Hach Model 2100P Portable
Turbidimeter) . Streamflows were measured using a portable electromagnetic streamflow meter
(Marsh -McBirney Flo -Mate 2000). Calibration methods for field m eters, data recording and
handling methods, and quality assurance and quality control procedures are described in the
quality assurance project plan [DeArment et al., 2013] . Samples were analyzed by Energy
Laboratories (Helena, Montana) . Requested laboratory analysis procedures for each analyte are
presented in Table 2-4.

Table 2-4. Analytes and methods for surface water samples in the Clark Fork River
Operable Unit, 201 4. All samples were analyzed by Energy Laboratories in Helena,
Montana.

Parameter Category Meth od
Arsenic (dissolved and total recoverable) E200.8
Cadmium (dissolved and total recoverable) E200.8
Copper (dissolved and total recoverable) E200.8
Lead (dissolved and total recoverable) Contaminants of Concern E200.8
Mercury (dissolved and total recoverable) E245.1
Methylmercury E1630
Zinc (dissolved and total recoverable) E200.8
Calcium E200.7
Magnesium E200.7
Sulfate E300.0
Total Alkalinity, as CaCO 3 Common ions and A2320 B

suspended sediment

Bicarbonate Alkalinity, as HCO 3 A2320 B
Hardness, as CaCO3 A2340 B
Total Suspended Sediment A2540 D
Carbon (dissolved organic) A53310C
Nitrogen, Ammonia E350.1
Nitrogen, Nitrate plus Nitrite Nutrients E353.2
Nitrogen, Total A4500 N-C
Phosphorus, Total E365.1

2.2.5 Data Analysis

Data analysis included description of spatial trends and temporal (quarterly and annual)
trends in analyte (metals and nutrients) concentrations and physical properties . Attainment of
performance goals was assessed by comparing analyte concentrations at sp ecific sites to
remedial performance goals . Assessment of nutrient monitoring results also included
comparisons of total nitrogen and total phosphorus concentrations to numeric water quality
standards for the Clark Fork River (ARM 17.30.631).
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Evaluation of some performance goals from data collected in this report requires an
assumption that the measured analyte concentrations are consistent over time . For example,
the chronic aquatic life standard (ALS) is typically based on 96 -hour mean concentrations
[MDE Q, 2012b]. Similarly, the acute ALS are typically based on a 1 -hour mean concentration
[MDEQ, 2012b]. However, in this monitoring program analyte concentrations are measured at a
specific point in time and mean concentrations over time are not available . Therefore, all
assessments of ALS exceedances assume that the measured concentration was represen tative of
the required mean concentration

Compliance ratios were computed by dividing each total recoverable arsenic concentration
during the MDEQ monitoring  period in the CFROU 2010 -2014 by the respective performance
goal or applicable water quality standard . Compliance ratio results are presented as line graphs
on a semi-logarithmic scale ranging from 0.01 to 100, with a value of 1.0 corresponding to 100%
of the performance goal or water quality standard . Values exceeding 1.0 represent exceedances
of the performance goal or water quality standard

2.2.6 Data Validation

Data quality objectives (DQOs) were established in the CFROU monitoring project quality
assurance project plan ( QAPP) for data & epr esent ati veness?o, ocomparabil
0sensitivityod,sd,premrcd so BeAmhant eddby @013]. Methods for field and
laboratory quality assurance and quality control (QA/QC) procedures are also described in detall
in the project QAPP . A completed QA/QC checklist, summary tables of field duplicate and field
blank results, and assessments of data quality objectives are included in Appendix A.

2.3 RESULTS

2.3.1 Streamflows

Streamflows in the upper Clark Fork River watershed were normal or above normal at all
sites during almost all monitoring periods in 2014.  Streamflows during the Q1 monitoring event
were near normal for those dates based on long -term USGS streamflow gauging station records.
Streamflows had recently receded following elevated streamflows during the first week of
March in association with an abrupt melt of low elevation heavy snowpack. The three Q2
monitoring events were intended to target the rising limb of t he spring runoff hydrograph, near
peak streamflow, and the falling limb of the runoff hydrograph. The three sampling events were
performed on May 13 -14, June 10-11, and June 24-25, 2014. Streamflows during the Q2
monitoring events varied from slightly abov e normal to near normal for those dates. The
intended peak flow event on June 10 -11 missed the spring runoff maximum  streamflow by
approximately two weeks (May 28). Streamflows during the Q3 monitoring event were above
normal for mid -September, while strea mflows during the Q4 monitoring event were normal or
slightly above normal .

Streamflows at the CFROU monitoring stations during the 201 4 calendar year are depicted
in hydrographs for USGS gauging stations Silver Bow Creek at Warm Springs (USGS
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12323750) [Figure 2-2], Clark Fork River near Galen (USGS 12323800) [Figure 2-3], at Deer
Lodge (USGS 12324200) [Figure 2-4], near Drummond (USGS 12331800) [Figure 2-5], and at
the Turah Bridge (USGS 12334550) [Figure 2-6].

USGS
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Figure 2-4. Hydrograph for  Clark Fork River at Deer Lodge, 2014
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Figure 2-6. Hydrograph for Clark Fork  River at Turah Bridge, 2014

2.3.2 Field Parameter

2.3.2.1 Water Temperature

Water temperatures at CFROU sites in 2014 indicated modest seasonal and spatial variation
that was generally within the preferred range of cold water organisms such as trout [ Figure 2-7;
Figure 2-8]. Maximum water temperatures at most of the CFROU monitoring stations during
the six monitoring events in 2014 were observed during the  Q2-Falling monitoring event, when
temperatures at some sites slightly exceeded the 12 614 C optimal temperature range for trout.
The exceptions were the Clark Fork River at Deer Lodge and the Little Blackfoot River near
mouth, which had the highest water t emperature during the Q2 -Peak monitoring event. The
maximum water temperature (16.9 C) was measured at the  Clark Fork River at Deer Lodge
site. The lowest water temperatures were measured during Q4 and ranged from0  -2.1 C.

There was no clear spatial trend in water temperature at the mainstem  Clark Fork River
sites in 2014. Water temperature differences between sites during any single monitoring event
were generally small and were somewhat affected by the time of day monitoring was conducted
at any given st ation. Water temperatures at CFROU mainstem monitoring stations during 2014
monitoring events were generally within the range of temperatures recorded during the 2010 -
2013 monitoring years. The tributary monitoring site on Warm Springs Creek near its mouth
showed the lowest and least variable water temperatures of all sites during the six 2014
monitoring events.

15



20.0

15.0

mQ1

10.0 B Q2 - Rising Limb

H Q2 - Peak Flow

m Q2 - Falling Limb

Water Temperature (degrees C)

5.0
Q3
Q4
0.0
of Ga\e‘;or aGaet P‘c\i e opack ?‘d\( st Dee" 008  For¥ a’ﬂu\'a\’\
C\af Qlark fof \ Fof Qlar
Qlark Q\ar

Clark Fork Monitoring Station

Figure 2-7. Surface water temperatures at mainstem sampling sites in the Clark Fork
River Operable Unit, 201 4.
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Figure 2-8. Surface water temperatures at tributary  sampling sites in the Clark Fork

River Operable Unit, 201 4,
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2.3.2.2 Acidity

In 2014, pH in the upper Clark Fork River mainstem monitoring st ations ranged from 7.65 -
9.06 [Figure 2-9]. Tributary monitoring stations had a slightly greater pH range: 7.82 -90.48
[Figure 2-10]. Two measurements each from Clark Fork River and Silver Bow Creek stations
had pH values outside the optimal range for the protection of aquatic life (6.5 -9.0). These
included the Clark Fork River near Galen in Q3 (9.04), the Clark Fork River at Gemback Road
in Q3 (9.06), and Silver Bow Creek at Warm Springs in each of Q2 -Falling and Q3 (9.38 and
9.48, respectively). There was no readily apparent seasonal pattern in pH in 2014, although
highe st pH values tended to be measured in Q3. Spatially, the highest pH values tended to
occur in the upstream sites including Silver Bow Creek and the Clark Fork River near Galen
sites. Lime additions to Silver Bow Creek at the Warm Springs Pond inflow were | ikely a
contributing cause of the higher pH levels in lower Silver Bow Creek and the upper Clark Fork
River stations. The pH levels at several CFROU monitoring stations in 2014 were higher than
any of the previous measurements observed from 2010-2013. These sites included Silver Bow
Creek at Warm Springs, and the Clark Fork River near Galen, at Galen Road, at Gemback
Road, and at Deer Lodge.

9.00
)
£ .
]
'?U 8.00 T Q
© B Q2 - Rising Limb
S
2 m Q2 - Peak Flow
T
= 7.00 ~  mQ2 - Falling Limb
Q3
6.00 Q4
K @ 1 Go\® ”o eF \(at\)eer \0d8® aﬂ\“ah
C\ar \ark FO c\ar ork C\ar\<‘°‘ C\af
Clark Fork Monitoring Station
Figure 2-9. Surface water pH at mainstem sampling sites in the Clar k Fork River

Operable Unit, 201 4.
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Figure 2-10. Surface water pH at tributary sampling sites in the Clark Fork River
Operable Unit, 201 4.

2.3.2.3 Conductivity

The highest conductivities at most of the CFROU monitor ing sites occurred in Q 1 and Q4
when streamflows were lowest. The lowest conductivities occurred du ring the Q2 monitoring
events. Conductivity in the mainstem  Clark Fork River tended to progressively increase from
the headwaters station near Galen downstream to Gemback Road, then stabilize or decrease
slightly at the Deer Lodge station. In the mainstem, conductivity was always lowest at Turah,
downstream from the Rock Creek conf luence. Conductivity at CFROU stations in 2014 ranged
from 103.6-593.5 uS/cm [Figure 2-11]. Conductivity increased substantially between the Mill -
Willow Creek and Mill -Willow Bypass sites, particularly in Q1, Q3, and Q4  [Figure 2-12]. The
lowest conductivity occurred in Mill -Willow Creek at the Frontage Road during the Q2 -Peak
monit oring event. The highest conductivity occurred in the Mill  -Willow Bypass in Q4. The
conductivity range at CFROU monitoring stations in 2014 (103.6  -593.5) was slightly greater
than in 2013 (111 -560 pS/cm), 2010 (176-466 puS/cm), 2011 (113-439 pS/cm), and 2012 (138-456
puS/cm).
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Figure 2-11. Conductivity at mainstem sampling sites in the Clark F ork River
Operable Unit, 2014.
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Figure 2-12. Conductivity at tributary sampling sites in the Clark Fork River
Operable Unit, 201 4.
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2.3.2.4 Dissolved Oxygen

Dissolved oxygen concentrations in the upper Clark Fork River in 2014 ranged from 8.29 -
15.23 mg/L. The lowest dissolved oxygen concentration was observed in the Little Blackfoot
River near its mouth in Q2 -Falling and the maximum concentration was observed in the Clark
Fork River near Galen in Q2 -Rising [Figure 2-13; Figure 2-14]. None of the 2014 dissolved
oxygen measurements indicated water quality or water use limitations associated with
inadequate oxygen concentrations. There were no clear spatial trends in dissolved oxygen
concentration in 2014. The highest dissolved oxygen conc entrations at nearly all monitoring
stations were observed during Q2 -Rising. The observed range of dissolved oxygen
concentrations at Clark Fork River mainstem sites in 2014 (8.29  -15.23) was slightly higher than
in 2010 (8.69-15.03 mg/L), 2011 (8.60-14.85 mg/L), 2012 (8.49-14.05 mg/L), and 2013 (8.45-15.20
mg/L).
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Figure 2-13. Dissolved oxygen concentrations at mainstem sampling sites in the Clark
Fork River Operable Unit, 2014.
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Figure 2-14. Dissolved oxygen concentrations at tributary  sampling sites in the Clark

Fork River Operable Unit, 201 4,
2.3.2.5 Turbidity

Turbidity at all mainstem Clark Fork River sites were highest during the Q1 2014
monitoring event and lowest in Q3. Turbidity usually increased in the Clark Fork River from
near Galen to Deer Lodge, or Turah, depending on the monitoring event  [Figure 2-15]. With the
exception of the Q1 monitoring event, turbidity was generally low at mainstem monitoring sites
during 2014 (range of 1.36 -10.70 NTU ) [Figure 2-15].

Turbidity at the tributary monitoring sites was more variable and less predictable than at
the mainstem Clark Fork River sites. Highest turbidity was observed during the Q2 -Peak or
Q2-Falling monitoring events at thr ee of the six tributary sites in 2014. Two other tributary
sites showed highest turbidity in Q1, and the sixth site (Mill -Willow Creeks at the Frontage
Road) had highest turbidity in Q4 . The latter site also showed elevated suspended sediment and
COC metal s concentrations (see Sections 2.3.3 and 2.3.6). Turbidity at the tributary monitoring
stations ranged from a low of 0.94 NTU in the Little Blackfoot River in Q3 to a high of 15.60
NTU in Mill -Willow Creek in Q4 [Figure 2-16].

Non-spring runoff period turbidity measurements were similar in each of 2010 -2014, with
several exceptions. In Q2 2011, turbidity during peak spring snowmelt runoff conditions was
higher than du ring the same periods in 2010 -2014. Q1 2014 turbidity was higher at the  Clark
Fork River at Deer Lodge and Turah sites than during Q1 in each of years 2010 -2013. Lastly,
turbidity in Mill -Willow Creek at the Frontage Road was higher in Q4 2014 than during any
prior quarterly monitoring event in the 2012  -2014 periods.
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